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PREFACE. 



About two y^ara since, the author of the following work, 
undertook the arduous task of composing an Introduction 
, to the Mathematical Sciences, (which he intended should 
comprise Treatiseson Arithmetic and Mensuration, .and an 
Introduction to Algebra,) for the use of the citizens of the 
United States. Soon after he had determined on the plan 

kof the work, he wrote the following Treatise on Arithmetic, 
and some other parts of the proposed work, but he was pre* 
^vLyented, by ill health and other circumstances, from com- 
^>leting it according to his original design* He has sincle 
■^been advised by several respectable mathematicians to pub- 
lish the System of Arithmetic, without delay, for the use of 
^schools; and having lately revise^ the Treatise, and added 
, a copious Appendix, containing much other useful matter, 
V^he now presents the work to the public. 
♦ The work now offered to the public, contains a complete 
^ System of common Arithmetic, (including many recent 
improvements in the science, some of which have never 
before been published,) and also, some other parts of the 
Mathematics which are of general utility. 

In composing this system of Arithmetic, great pains havei 
been taken to express the rules in plain, familiar language, 
and to adapt the illustrations of them to the capacities of 
learners. The most important rules are demonstrated, and 
their practical applications are amply illustrated. Many 
wrought examples are given, to elucidate the different rules ; 
and these examples are, in general, accompanied by expla- 
nations, which will make the numerical operation's easy to 
be understood by learners of the most ordinary capacities. 
Practical illustrations are also annexed to many of the 
questions for exercise, where difficulties occur. 

It is believedthat some of the rules in this Treatise are 
new, and preferable to any other rules of their kind, and 
that some others are reduced to more commodious forms 
than they have heretofore been in books on Arithmetic. 
The author has given a general method of computing sim- 
ple interest, and a method of extracting the cube roots ef 
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IV PREFACE. 

numbers,* which he believes are mbre concise and conven- 
ient than any others now in use. 

Questions on the nature of the principal rules of Arith- 
metic, are inserted in the work, the answers to which are 
contained in the rules to which the questions relate. These 
questions are calculated to lead the learner to examine those 
rules attentively, in order to find out the proper answers ; 
and it will, perhaps, be well for teachers, in the general 
way, to see that their pupils are able to " answer, correctly, 
the questions on each particular, rule,before they allow them 
to proceed to the next.f 

The following work contains, besides the System of 
Arithmetic, Rules for the Mf^nsuration of the different kinds 
of Superfices and Solids, witfrdkections for applying them 
to various practical purposes ; and also, Rules for solving a 
number of useful ajad interesting Mathematical, Philosoph- 
ical, and Chronological Problems — all 6f which are illus- 
trjfted by suitable examples : Likewise, a collection of cu- 
rious and instructive miscellaneous questions for exercise, 
and several useful Tables. The great practical utility 
of the rules of Mensuration, and of the subsequent Prob- ' 
lems, &c. will, it is presimied, be considered a sufficient 
reason for inserting them in the work, at the end of the 
treatise on Arithmetic. 

In composing this work, the writer has taken the liberty 
to make use of some short extracts from other mathematical 
works; and he acknowledges himself indebted to other 
writers for some of the illustrations ofthe principles of Arith- 
metic, and for a number of the questions for exercise. Some 

*rbe method ^t extracting Ihe cube root, given in this work,8nd also an 
accnrate general metiiod o^ finding the roots of Gompound algebraical 
equations, were discovered by the author a number of years ago; and 
ftubsequentif, he and some of his friends made those methods known to 
several mathematicians, who resided in different pans of theU. Slates. 
I'hose rules, (or very similar ones,) have since been published in this 
country, by several persons with uhoni the author of this work has hact 
no acquHinluncp ; and he has not yel been able satisfactorily to ascertain 
whether Ihe rules were, or were not, known to any mathematician prior 
to the discovery of them by himself. , 

nVachers who Ihitik it advisable for llieir pupils to acquire a tolera- 
bit* kiiowli^dge o{ Practical JiriUmutiv, before Ijiey undertake to learn the 
/^fory of the rules, can direct Iheui to omit tK^ Theoretical Qaestions^mxd 
the demo*islrations of Ihe rules, until they bflfve made conbidcrahle f>ro- 
grifss in the Mu(|y of Arilhmetic, and then to attend to theu^ as a r,evieiv. 

■ .gitizedbyVjOOgle 



PRBFACE. ^ 

of those extracts are eontained in »o many different w«rkt 
that the original writers of them cduld not easily be ascer- 
tained ; and the rest have, for the most part, been so dis- 
posed of, as to make it very inconyenient to refer the reader 
to the works from which they were taken; for which reasons 
such references are not generally inserted. The author 
has not aimed at novelty where he saw no prospect of 
making improvements ; and he hopes the use which he has 
made of the labors of his predecessors will be considered 
pardonable by those who know how difficult it would be 
for any person, at the present day, to write a Treatise on 
Arithmetic without repeating much which has already been 
written by others. The practice of copying has indeed 
been general with almost all writers on Arithmetic, though 
few of them have candidly acknowledged it. 

The author is aware that there is a number of works* 
of this nature already in use, in different parts of this 
country. It does not appear, however, that any one 
of them is noWj or is likely very soon to be, in general use 
in schools throughout the United-States ; and hence it may 
be infered that none of them have met the approbation of 
the public, generally. The author is not disposed to ex- 
patiate on the defects of those systems, nor on the merits 
of his own; being persuaded that enlightened persons will 
examine ^inA judge for themselves, and that his work, as 
well as others, must stand or fall, according to its real 
merit or demerit. 

In submitting the work to the public, the author cannot 
forbear expressing his gratitude for the liberil patronage 
already bestowed upon this edition. To thos^ persons who 
have encouraged the publication of the work, the author 
tenders his sincere thanks; and he would request of\hem, 
and others, that indulgence towards its imperfections, which 
the nature of the work must necessarily require. Should 
the present edition prove in some respects imperfect, it is 
hoped that such improvements will hereafter be made in 
the work, as will render the subsequent editions more de- 
fierving of public patronage. 

IRA WANZER, 

N^w-Fairf^ld, Conn., Oct. 1, 1831. 
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A 
N E W 

INTRODUCTION TO THE MATHEMATICS. 



ZNT&ODVCTORir OBSERVATIONS 

ON THE 

MATHEMATICS IN GENERAL. 

Mathematics is the science which treats of all kinds of 
quantity whatever, S^that can be numbered or measured. By 
quantity^ is meant any thing that will admit of increase of 
decrease; or that is capable of any sort of calculation ot 
mensuration : such as numbers^ lines, space, time, motion, 
weight. 

Note. — In the Mathematics, a quantity is said to be sim- 
ple, when its value or magnitude is expressed by one term 
or' denomination only ; and compound, when its value is ex- 
pressed by two or more terms. 

Those parts of the Mathematics on which all the others 
are founded, are Arithmetic, Algebra, and Geometry. 

Arithmetic is the science of numbers. Its aid is re- 
quired to complete and apply the calculations in almost eve- 
ry other department of the mathematics. 

Algebra* is a general method of computing by letters 
and other symbols. It is of extensive use in mathematical 
investigations. 

Geometry is that part of the mathematics which treats 
oi magnitude. By magnitude, in the appropAte sense of 
the term, is meant that species of quantity which is extend- 
ed; that is, which has one or more of the three dimensions, 
length, breadth, and thickness. 

Mathematics are either pMre, or m/ared. In pure ov ab- 
stract mathematics, quantities are considered independent- 
ly of any substances actually existing. But, in mixed math- 
ematics, the relations of quantities are investigated, in con- 
nection with some of the properties of matter, or with ref- 
erence to the common transactions of business. Thus, in 
Surveying, mathematical principles are applied to the 
measuring of land; and in Astronomy, to the motions of the 
heavenly bodies, &,e. ogtzedbyCjOOgle 



% EXPLAXA:|^I0N or eXARACTSRS. 

Mathematics are also distinguished into Theoretical, or 
Speculative, and Practical, viz. Theoretical, when con- 
cerned in investigating and demonstrating the variotts 
properties and relations of quantities ; and Practical, when 
applied to practice and real use concerning physical ob- 
jects.* * 



EXPLiAlTATIOSr 

OF cTertain mathematical characters, or signs. 

There are various characters or marks which are used in 
Arithmetic and Algebra, to denote the operations of Addi- 
tion, Subtraction, &c. ; the chief of which are the following : 

characters. explanations. 

-f- Plus,\ or more ; the sign of Addition, or the 

- positive sign, signifying that the number to 

which it is prefixed,^ is to be added to some 

other number. Thus, 2+5, denotes that 6 is 

to be added to 2; and the expression is read thus, 

'' 2 plus 5, or, the sum of 2 and 6. 

— ^ Minus,^ or less ; the sign of Subtraction, or 
the negative sign, signifying that the number 
to which it is prefixed is to be subtracted from 
some other number. Thus, 8 — 5, signifies that 
^5 is to be subtracted frOpi 8, and is read thus, 
8 minus 5, or the difference ofS and 5. 

X Into, or with ; the sign of Multiplication, sig- 
nifying that the numbers between which it is 
placed, are to be multiplied together. Thus, 
8x2, signifies that 8 is to be multiplied by 2, 
and is- read, 8 into 2, or the product of 8 and 2. 



* The preceding *< Introductory Observations" have been mostly ex- 
tracted from Hutton's and Day's Courses of Mathematics. 

t Plus and minui are Latin words ; the former signifying m9re,apd the 
latter less* ^ , 

$ To prefix f is to place before : !o tfwtter, is to place af(^9^8 



EXPLANATION OF CHARACTERS. 9 

The product of numbei% which are represented 
by letters, is usually denoted by placing the 
letters close together like a word, without any 
^lark between tll^m. Thus, suppose the let- 
ters a, b, and c, to represent any three numbers 
whatever; then ahc will denote the continued 
product of those numbers, the same as axbxc. 
-*- Byy or divided by ; the sign of Division, signify- 
ing that the former of the two quantities between 
which it is placed, is to be divided by the latter. 
Thus, 8-J-2, denotes that 8 is to be divided by 
2, an^itread, Sby% or, 8 divided by 2. 
Division is also frequently denoted by placing 
the dividend above, and the divisor below a 
horizontal line. Thus, f , denotes the same as 
8-S-2, viz., that 8 is to be divided by 2 ; and 

. ^, denotes that the sum of 6 and 8 is to be 

4 — 2 

divided by the difference of 4 and 2. 
: : : : The sign of Proportion.' Thus,^.: 4 :: 7 : 14, 
denotes that the ratio of 2®to 4 is the same as 
the ratio of 7 to 14 : read thus, as 2 is to 4, so is 

7 Jo 14. 

o ' '' 3 

4 Denotes the second power or square of 4 ; and 4 
denotes the third power or cube of 4, and so on 

\ for higher powers. Also, a , or aa, denotes 

the second power of a; and a , or aaa, denotes 

the third power of a, &c. 

V The radical sign, signifying that tljie quantity 

, before which it is placed is to have some root of 

it extracted. Thus, v'4 denotes the second or 

square rbot of 4 ; >^8 denotes the third or cube 

' root of 8; and i^H denotes the 4th root of 8, &c. 

5= Equal to; the sign of equality, signifying that 

the quantities, or sets of quantities, between 

which itis placed, are equal to each other. Thus, 

100 cents— 1 dollar, signifies 'that 100 cents are 

^ equal to 1 ^dollar: AIj^o, 2+5=7, denotes that 

i the sum oV2 and 5 is equal to 7, and is read thus, 

f 2 plus 5 equal to 7. / ^^^ . ^ 

\ *■ ^ \ Digitized by VjOOQIC 
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A horizontal line drawn pr placed over two or 
more quantities, signifies that all the quantities 
under it are to be cpnsidered jointly as one quan- 
tity ; and the line is called a vinculum, Thus> 
2+5x6, denotes that the sum of 2 and 5 is to be 
multiplied by G. The same thing is also fre- 
quently denoted by including in a parenthesis 
the several quantities which are to be consider- 
ed as one quantity. Thus, V(7+9) dignifies the 
same as V7+9, viz. the square root of the sum of 
7and9. 

The reciprocal of any quantity, is that quantity 
inverted, or unity divided by it. Thus, the re- 
ciprocal of f is f , and the reciprocal of a or 
ff . 1 

- IS ~. 

1 a 

Two points,standing beside each other, are used 
in this Work to separate the different denom- 
inations of compound numbers. 
A singl« point is used to separate integers, or 
whole numbers, from decimal parts. 
The signs -f and — , when annexed to the an- 
swers to mathematical questions, denote that 
such answers are not exact ; the former sign 
denoting that the answer to which it is annexed 
should be a small fraction greater, and the lat- 
ter, that the answer should be a little less.* 
Note, — I have thought proper to explain the meaning and 
use of the foregoing characters in this part of the Book, 
though most of them are explained in the following Trea- 
tise, in the places where they are first used. It may be 
sufficient for the student, at first, to learn the use of only 
the signs + and — and the sign of equality, = ; and after- 
wards to make himself acquainted with the use of the other 
characters as soon as he shall have occasion for them. 

* It is probable Ibat aome of Ibe answers id Ibis Work wbicb have tbe 
sign -j- annexed (o tbem are too great. In some cases it was difficult to 
determine whelber the omission or addition of small fractions, in per- 
forming tbe numerical operations, made the answers or results too small, 
or too great ; and all such answers, as well as Ibosef which wore koOwn 
lo be too great, have the sign -^ annexed to Ihem.gt.e^t^yGoOQle 
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Arithmetic is the Science of Numbers^ and the Art of 
using them. ^ 

Arithmetic consists of two parts, Theoretical, and Prac- 
ticaL The Theoretical^ considers the nature and qusMity 
of mimbers, and demonstrates the reason of practical op- 
erations. The Practical, merely shows the method of 
working by numbers, so as to be most useful and expedi- 
tious for business. Theoretical Arithmetic is properly a 
Science, and Practical Arithmetic is an Art. 

Number is that which is used to express the relations 
of quantity. 

Unity,^. Unit, or One, is the beginning t>f number, and 
signifies a single, or an individual thing, of any kind. One 
and one more, taken collectively, make a number caNed 
two: two and one more, make the number three r thfs in- 
creased by one, composes the number four: and thus, by ' 
the continual addition of unity or one, we may obtain the 
higher numbers, five, six, seven, eight, nine, ten, ^c. * 

An Integer, or a Whole Number, is some p/ecisc quan- 
tity of units ; as 09ie, two, three, ^c. Whole numbers are so 
called as distinguished from Fractions, which aire brokeu 
numbers, or parts of numbers; as one-half, two-thirds^ 
three-fourths, Spc. 



NOTATION AND NUMERATION 

OF WHOLE NUMBERS. 

Notation teaches how to write down in characters any 
number proposed in words. 

Numeration teaches how to read, in proper words, any 
number expressed by characters. 

The characters now generally ^sed to denote nuroberi^t 
are the ten Arabic numeral characters, commonly called 
Figures. These characters, and their names, which are 
the numbers they represent, are as follows, vie. i one, 2 two, 
3 threat A^ur, 6/««, 6 six, Isev^n, 8 tight, d nineJ^novgkt, 

Jigitlzed by V ^'^ 
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VZ NOTATION AND NUML>.ATION. 

cipher, or :sero* The iirst nine of these characters arfc 
called significant figures, or digits, to distinguish them 
from the cipher, 0, which of itself, is quite insignificant, 
or does not express any number. By these ten figures 
any numbers may be expressed. 

The value of any figure when alone, is called its simple 
value, and is invariable. Thus, the figure 1, when alone, 
always denotes one ; the figure 2, two ; &c. Figures have 
also a local value ; that is, a value which depends upon the 
place they stand in when two or more of them are combined 
or joined together, as in the following table. 

NUMERATION TABLE. 

^ Note. — The words at the head of 

g c this table, (viz. Units, Tens, Hun- 

.2, g wi (iredf*^ &c.) show the ZocaZ values of 

^ S _i those figures over which they stand, 

2 o -^ % and must be committed perfectly to 

® 3 ^ 2 OS . memory. 

^ S ^^'^'g^ " ILLUSTRATION. 

2 "o ^ £ *o S S . . Here, each figure inthe^rsf pZace, 
*« g ;=! ^ S o 'c S .^ ^^ the right hand, denotes only its 
a ^ S W H H M H J ^^^ simple value ; but each figure 
^ ^^ . in the second place, ^counting from 

Qfi7fi^4^^ *'^^^^ *° ^^^*') denotes ten times its 
Qfi^yfit^Q simple value; each figure in the> 
Q ft "y r ^ d „^^*^^P^^<^^ denotes a hundred times 
o Q ^ A ^ its simple value, and so on; — the 
Q ft •» fi local value of a figure in any partic- 
a Q "y ^'^^ place being ten times its value 
Oft in the next place to the right. Thus, 
^ ^ the figure 9, in the first place, or 
^ column, at the right hand, signifies 
nine units, or simply nine; but in the second place it de- 
notes nme ZeTW, or ninety; xnihe third place it denotes 

* These ten characters were formerly all called by the general name 
of Cipktrs ; whence it came to pass that the art of Arithmelic was then 
often called Ciphering. The invreotion of these ehai;«cters is usually 
ascribed to the Arabians : and it is said that they were first brongbt into 
Europe by the Moors, in the ninth century of the Cfaristian^era. The 
Roman m'ethod of Notation, by letters, had previously beeoin general 
use in Europe. 0^ 

Digitized by VjOOQIC 



NOTATION AND NUMERATION. 13 

nine hundreds, and so on. The^Iocal ralues of all the 
other si^ificant figures vary in the same manner, accord- 
ing to their dis1;^nce from the place of units. Thus, in the 
number 9876, the 6, standing in the first or units' place, 
denotes six, units, or six; the 7, in the second place, de- 
notes seven tens, or seventy; the 8, in the third place, de- 
notes eight hundreds ; and the 9, in the fourth place, denotes 
nine thousands: and hence the expression 9876 is read 
thus, nine thousand, eight hundred and seventy-six. 

In all expressions of whole numbers, the local values of 
the places of figures increase from right to left in the same 
tenfold ratio.* 

Although the cipher, 0, does not of itself denote any 
number, yet, every cipher annexed to significant figures 
-increases the local values of the latter in a tenfold ratio, by 
throwing them into higher places. Thus, 4 denotes only 
four; but 40 denotes /or *y; 400 denotes four hundreds; 
and 4000 denotes /ot^r thousands, 6lc, * 

The process of Numeration is more amply illustrated by 
the following table. ^ 

TABLE 3.t 

• - S 45 ^ . '^ ^ 



o5J©3 sg3 sg'C »S5 sgra 3©^ ^^SS 
6 5 1, 2 3 7, 4 2 8, 7 1 4, 9 7 0, 3 5, 8 2 





g 








CO 




%-i 


«*^ 2 


*^ jj 


%-( 


*^ . 


^•5 


<«.« 


0;2 




n3 


n3 fl 


to 

-^1 


tA 




no • 


•n 


On3 


o;rS 





o-s 


«2 


*c ss 


•cS 


*C3 


•CS3 


'C S 


*C "S 


4) 9 


fUQf 




0) nS 




£^ 





* ^Ao/e numbers are counted by tent and cotobinaUons of leos ; and 
heBce the reason wby we make use often different characters to denote 
oufflbers. It may be well to observe that there is no reason in the nature 
of number^ thai tb«>y should be made to increase in a tenfold ratio ; 
tbey mj|^bt have been mada to int>.rease in 2, 3, 4, he. fold, or any 
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14 NOTATIOK ANB NUMERATION. 

Three plajces of figures, beginning on the right hand, are 
called a period^ and each successive three places, another 
period ; the first period, on the right hand, being called the 
period of units; the second, the period of thousands, and 
so on, as in the Table. There is an obvious reason for this 
division into periods ; for at the beginning of each period, 
therx3 is a new denominatioiv of units, of which the tens 
and hundreds are numerated, as in the first period. The 
names of the periods are derived from the Latin numerals, 
and they may be continued without end. They are as fol- 

other ratio. The method of ccjuntiDg by lens, which is now in general' 
use, originated from the practice of counting on (be iiogers, which are- 
ten in number. 

f This method of'euunnerating figures to the left hand of tlie place of 
hundreds of millions, differs from that which has hitherto been in general 
use in this country. This method of dividing tines of figures into [wnods, 
and of naming those periods, is used by the Frencli and Italians; and 
it has lately been adopted by a number of respectable British and Amer- 
ican Authors on Arithmetic. The method is strongly recommended by 
its 6im})licity and etegance, and it. is probable that it will soon be much 
more uoiversalty used. 

The usual method is to divide the numbers into periods of six figures 
each; which periods have the same names as those in Tablii 2d, except 
/Aowanc/s, for which there is not a distinct period. The common nieth- 
od of enumerating figures is eiemplified in the following 

TABLE. 



rs^ g « S5 o S 5 

•S 2 «. «3 "2 2 « ®:g *®J ^ • 

^^S2o§ .og2og £og£ ^ , 

.tSfloSfl^ Sc2SfiJ=3 Sfl2Sfl-2 

WE3Qjr33Q5«-2 Sojf^SS^rS Pqj^SqjeJ 

•^SSHHShS aHHMHS MHEhKEhP 

23743 8, 71497 0, 305082 



' V ' V ' ' V 

Period of Period of Period of 

Billions. Millions. Units. 

It will be seen that the two methods of enumerating lines of figures/ 
agree as far as hundreds of millions ; and, as it is very rarely necessary 
to name larger numbers, it is evident that the proposed change from the 
eld to the new method, eannot be attended with much inconvenience. 
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lows, lor twenty-two periods, viz. Units, Thousands, Mill- 
ions, Billions, Trillions, Quadrillions, Quintillions, Sextill- 
iona, Septillions, Octillions, Nonillions, Decillions, Unde- 
cillions, Duodecillions, Tredecillions, Quatuordeei)lions» 
Quindecillions, Sexdecillions, Septendecillions, Octodecill- 
ions, Novemdecillions, Yigintillions. 

For the convenience of reading large numbers, the periods 
of figures which express them are often separated by com- 
mas, as in Table ^d. 



To enumerate any parcel offigures» 

RVLS. 

1, In order to ascertain the ioeal values of the given fig- 
ures, divide them into periods of three figures each, begin- 
ning at the right hand, and proceeding towards the left, 
till not more than three figures remain. Then the first 
period towards the right hand will «ontain units or ones, 
the second thousands, the t^ird millions, <&c. as in Table 2d. 

2. Then, in reading the number, begin at the left 
hand, and to the value expressed by the figures of 
each period, join the name of the period, excepting 
the name of the period of^ units, which need not be men- 
tioned. 

* Ex. The numberin Table 2d, viz. 651,237,428,714,970,- 
305,082, is read thus, six hundred fifty-one quintillions^ 
two hundred thirty-seven quadrillions, four hundred twenty- 
eight trilUonSy seven hundred fourteen billions, nine hun- 
dred seventy millions^ three hundred five thousand, and 
eighty-two. 

Note. — By practice, the pupil will soon be able to enu- 
merate numbers, or lines of figures, which are not very 
large, without dividing them into periods; for the local 
values of the figures may be readily ascertained by merely 
enumerating them from right to left, thus, tens, hnndHds^ 
thousands, &c. as in the Numeration Tables, 
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More Examples in Numeration. 



10=Ten. 

ll^Elcven. 

12=Twelve. 

13=Thirteen. 

14=Fourteen. 

15=Fifteen. 

16=Sixteen. 

17=SeFenteen. 

18=Eighteen. 

19=Nineteen. 



aO=Twenty. 

21=Twenty-one. 

30=Thirty. 

32=Thirty-two. 

40=Forty. 

43=Forty-three. 

50^Fifty. 

B4=Fifty-four. 

60=S'ixty. 

66=Sixty-five. 



70=SeFenty. 

76=Seventy-six. 

90=Eighty. 

87=Eighty-9even. 

90=Ninety. 

98=Ninety-eight. 

iOO=One hundred. 

200=Two hundred. 

1006=One thousand. 

2000=Two thousand. 



148, read, one hundred and forty-eight. 
407 - - - four hundred and seven. 
950 -* - - nine hundred and fifty. 
4,549 - - - four thousand, five hundred and 49. 
90,170 - - - ninety thousand, one hundred and 70. 
800,000 - - - eight hundred thousand. 
7,154,918 - - . 7 millions, 154 thousand, 918. 
987,654,321 - - - 987 millions, 654 thousand, 321. 
5,000,217,080 - - - 5 billions, 217 thousand, and 80. 

Read, or write in proper words, the following numbers. 

48 670304 123456789 

576 8500000 5032600878 

1072 10025460 87200280260 

45005 856023408 ^ " 706054000064 

To set down in figures any number proposed in words, 
observe thefollowing 

RULE. 

Set down the figures instead of the words, or names 
belonging to them, taking care to supply with ciphers all 
the places below the highest whose names are not men- 
tioned in words. 

Exercises in Notation, 

Write down, in proper figures, the following numbers. 

Four hundred and forty-seven. 447. 

Fqur thousand four hundred and eight. - - - . 4,408. 
Ninety-seven thousand six hundred and 

fourteen. 

Sixty thousand and twenty one. 60,021, 
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Four hundred thousand. - . - 

Ninety-eight millions. , 98,000,00^. 

Nine hundred and six millions, five hundred 

thirty thousand, two hundred and one. - - 
Nine hundred fifty hillions, twenty-four 

millions, six hundred ten thousand and 

ninety. 950,024,610,090. 

ROMAN METHOD OF NOTATION. 

The Romans^and several other ancient nations, made use 
of certain letters of the alphabet to express numbers. The 
Romans used only seven numeral letters, being the seven 
following capitals, viz. I for one, V (or five, X for ten, L for 
fifty, C for an hundred, D for five hundred, and M for a thou- 
sand. The other numbers they expressed by various rep- 
petitions and combinations of these letters, after the following 
manner : — 






1=^1 

12-11 

3-1 

iS=V 

6=VI 

7=VII 

8=VIII 

9=IX 
10=X 
11=XI 
12=XII 

i3=xni 

14^XIV 
1&=XV 
16=XVI 
17=XVII 

18=:XVIII 
19=:XIX 

20=XX 
30=XXX 



40=XL 
50=L 
60=LX 
70=LXX 
80=LXXX 
90=XC 
100=C 
200=CC 
300=CCC 
400=CCCC 
500=D 
600=DC 
700=^DCC 
800=DCCC 
900=DCCCC 
1000=M 
2000=MM 
3000=MMM 
4000=:iy 
5000=V 

&.C. 



Note, — As often as any let- 
ter is repeated, so many times 
is its ralue repeated: thus, 
11=2, III-3, XX=20, <fec. 

A less literal number plac- 
ed before a greater, diminish- 
es the value of the greater : 
thus, V denotes 5, but IV only 
4 ; and X=10, but IX=9, &c. 

A less literal number plac- 
ed after a greater, increases 
its value : thus, VI=^6, and 
XI=ll,&c. 

A bar or line over any lit- 
eral number, increases it a 
thousand fold : thus, V=6000, 
andXX=20000, &c. 



THEORETICAL QUESTIONS. 

1. What is Arithmetic? 3. Into how many parts is it di- 
vided T 2. What does Theoretical Arithmetic explain? 4. 
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IB ADDITION. 

What doc8 Practical yirithmetic^ teach? 5. What is a nuHi- 
heri 6. What is unity, or a unit? 7. What is an integer, or 
a whole nuoiber? d. Whart are fractions ? 9. What is meant 
hy quantity? 10. What is a simple quantity*? 11. What is 
a compound quantity? 12. What is Notation? 13. What is 
Numeration? 14. What is meant by the simple value of 
any figure? 15. What by its local value? 16. What doe^ 
the right hand figure of any whole number denote? and 
what the next figure to the left? and so on? 17. Does the 
cipher denote any number? 18. What effect does it have 
when annexed to other figures? 19. Wliat is the rule for 
enumerating any parcel of figures? 20. What is the rule for 
expressing by figures any number proposed in words? 



FUNDAMENTAL RULES OF ARITHMETIC. 

There are four rules which are called the Fundamental 
Rules, because all operations in Arithmetic are pe|^rmed 
by the use of them.. They are Addition, Subtracti^ Mul- 
tiplication, and Division, 

ADDITION, 

Is putting together two or more numbers, so as to find 
their amount, or total value, which is called their sum. It ' 
is called Simple Addition, or, Addition of Whole Numbers, 
when the numbers to be put together are all simple, 6r whole 
numbers, of the same denomination ; and Compound Ad- 
dition, when the numbers are compound, or of different de- 
nominations. * 

SIMPLE ADDITION, 

Is putting together two or more whole numbers, or quan- 
tities, of the same denomination ; as 3 dollars and 2 dollars, 
added together, make a sum of 5 dollars : Or, it is simply 
adding together two or more whole numbers, without re- 
gard to their significatipn ; as 5 added to 4, makes 9. 

To perform the operation of addition, it is necessary that 
the learner should be able to assign the sum of any two of 
the small numbers less than 10; and for. this purpose he 
should be exercised in the following table. s 

Digitized by VjOOQIC 



-SIUPLK ADDITION. 



19 





ADDITION TABLEl 




2+0- 2 


4+0= 4 


6+0= 6 


8+0= 8 


2+1= 3 


4+1= 5 


6+1= 7 


8+1= 9 


2+2= 4 


4+2f= 6 


6+2= 8 


8+2=10 


2+3= 5 . 


4+3= 7 


6+3= « 


8+3=11 


2+4= 6 ^ 


4+4= 8 


6+4=10 


8+4=12 


2+5= 7 


4+5= 9 


6+5=11 


8+5=13 


2+6= 8 


4+6=10 


6+6=12 


8+6=14 


2+7= 9 


4+7=11 


6+7=13 


8+7=15 


2+8=10 


4+8=12 


6+8=14 


8+8=16 


2+9=11 


4+9=13 
6+0= 5 


6+9=15 

7+0= 7 


8+9=17 


3+0= 3 


9+0= 9 


3+1= 4 


5+1= 6 


7+1= 8 


9+1=10 


3+2= 5 


5+2= 7 


7+2= 9 


9+2=1 1 


3+3= 6 


5+3= 8 


7+3=10 


9+3=12 


3+4= 7 


5+4= 9 


7+4=11 


9+4=13 


3+5= 8 


5+5=10 


7+5=12 


9+6=14 


3+6= 9 


5+6=11 


7+6=13 


9+6=15 


3+7=10 


5+7=12 


7+7=14 


9+7=16 


3+8=11 


5+8^13 


7+8=15 


9+8=17 


3+9=12 


5+9=14 


7+^16 


9+9=18 



The foregoing table may be read thus, 2 and are 2 ; 
2 and 1 are 3 ; 2 and 2 are 4 ; &c. 

To enable the learner to acquire accuracy and dispatch 
in addition, it is proper to train him to add in the following 
manner, till he can do it with facility. 

Since 4 and 5 are 9, 14 and 5 are 19 ; 24 and 5 are 29 ; 

34 and 5 are 39; &c. — the right hand figure of eacK amount 
being 9. 

Since 5 and 5 are 10, 15 and 5 are 20 ; 25 and 5 are 30 ; 

35 and 5 are 40 ; &lc. 

Since 7 and 6 are 13, 17 and 6 are 23 ; 27 and 6 are 33 ; 
37 and 6 are 43;. &c. 

In this way pupils may soon learn to put numbers to- 
gether readily, so as not to hesitate, or stop to count, whilst 
■adding up a column of figures. 

When only a few very small numbers are to be put to- 
gether, the addition may be readily performed in the mindy*" 

• Very yoong popils may be laugbl the art of patting nmntier? together, 
by the following inetbotl'. Let the pupil tak* one or more cents, (or 
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withaut writing down the numbers. ,The addition of large 
numbers may be pexformed by th« following 

RULE, 

Tor the Addition of Simple ot** Whole Numbers. 

^ 1. Write the numbers which are to be added together, 
one under another, so that units shall stand under units, tens 
under tens, &/C. and draw a line under the lowest number, 
to separate the numbers from their sum, when it shall be 
found. 

2. Begin at the bottom of the right hand (or units) col- 
umn otfigiires, andadd together all the figures in the column : 
If the amount does not exceed 9, (or one figure,) s^t it down 
under that column, and then proceed to the next column ; 
but if the amount exceeds 9, set down only the right hand 
(or units) figure of it; and the number expressed by the other 
figure, or figures, (which will be the number of tens in the 
amount,!) carry to the next column, or column of tens. 

3. Then, add up the figures in the second column, (or 
column of tens,) together with the number, if any, carried 
from the first column ; and, if the amount is only one figure, 
set it down under the second column; but if it is more than 
one figure, set down only the right hand figure, (which will 
denote tens,) and carry the rest, (which will denote hun- 
dreds,) to the third column, or column of hundreds. 

4.^ Proceed in the same manner through all the remaining 



beans, &c.j info each hand, andlefl howman^y cents each band contains; 
thien request him lo tell the'ikUtiiberorcent^ in both bands, &c. 

A similar method may be practised in Subtraction ; viz. request tbe 
learner to tell bow many mor€ cents one band contains than the olher,&,c. 

Familiar methods of instruction, similar to the above, may sometimes 
be practised to advantage, in various other pat*ts of Arithmetic. 

t In amy expression ma. whole number, coBsisting of several figures, 
the figures exclusive of (he one at the right hand, express the numfber of 
(ens, and the right band figure the remaining units, or ones, contMned 
in the given number : the former figures beiiig (as wBI hereafter be seen) 
the quotient, and the other figure, the remainder, u4ncb would be found 
by dividing (he given number by 10. Therefore, if in adding togetber 
several numbers, we set down the right band figure of tbe sum of each 
column of figures, and carry (o the next column tbe number expressed 
by tbe other figure or figures of the sum, we carry from each column (he- 
number of tens contained in the sam, and set down the ones which re-^ 
main over. 
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columns of figures, and set down the whole amount of the 
last column.* 

Note. — ^In writing down the numbers, it will be conven- 
ient to begin on the right hand, and proceed towards the 
left, setting down the units, or right hand figure of each 
number, firgt, the tens next, and so on. 

To prove Simple Addition. 

Begin at the top of the right hand column of figures, and 
perform the addition of this, and of all the other columns 
downwards, proceeding in other respects according to the 
foregoing Rule ; dnd, if the work be right, the total sum, 
thus found, will be the same as that found by adding the 
columns upwards.' — ^There are sereral other methods of 
proving addition, but this is the most convenient one. 

EXAMPLES. 

1. Find the sum ofthe numbers 4262, 7683, and 91. 

Operation. Explanation.— First, I write dbwn 

the given numbers, one under another, 
so that units stand under units, tens un- 
der tens, 4&C.; then I draw a line under 
them, and add as follows : 

I begin at the bottom of the right hand 
column, or column of units, and say 1 
and 3 are 4, and 2 are 6. So, the a- 
9 1 mount df the first column is 6, which 

being only one figure, I set it dowti «n- 

Sum, 12 3 6 der that column, and proceed to the next. 

Then, proceeding to the bottom of the 

Proof, 12 3 6 second column, or column of tens, I add 

thus, 9 and 8 are 17, and 6 are 23. As 

' this amount exceeds 9, 1 se^t 4own only 
the right hand figure, 3, and carry th^ other figure, 2, to 
the next column. Then, proceeding to' the tjird column, 

* This Rule is founded on the known aiiom, *' (lift wboje of any qn^- 
Uly is equal to the sain of all iu parts." Tbe metbdd of itlacing the gireh 
nambers, and carrying for the lens contained in the sum of the figures io 
each place, is evident from, tbe nature of notation; for any other dispo- 
sition of ibe given Dombers would alter their value ; and carfving' one 
for every ten, from an inferior to (he neit superior eolumn, it ivioHitly 



Thousand 
Hundreds. 
Tens. 
Units. 


4 2 6 2 


7 6 8 3 
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OT column of hundreds, I say,- 2 carried to 6 makes 8, 
and 2 are 10 : I set down under the third column, and 
carry 1 to the next. Then, 1 carried to 7 makes 8, and 4 
are 12 ; which being the am^ount of the last column, I set 
down the whole of it, and the work is done. So, the total 
i3um, or answer, is 12036. 

To prove the work, I add all the columns downwards, 
thus ; I begin at the top of the right hand column, and say, 
2 and 3 are 5, and 1 makes 6. I set down this amount be- 
low the first column, and then I proceed to the top of the 
second column, and add thus ; 6 and 8 are 14, and 9 are 23. 
I set down 3 below this column, and carry 2 to the next. 
Then, 2 carried to 2, makes 4, and 6 are 10 : I set down 0, 
and carry- 1 to the next column. Then, 1 carried to 4 makes 
5, and 7 are 12, which I set down. So the total sum is 
12036, the same as before ; and therefore I conclude the 
work is right. 

Note* — ^As young beginners are apt to make mistakes in 
carrying from one column to another, as well as in adding 
up the columns, it will be well for them to set down the sum 
of each column, placing the several sums one under another, 
in regular order, as in the next following example. These 
ftiims the learner should retain on his slate until he has 
finished the work ; and then if it should contain any errors, 
he may the more easily correct them when he comes to 
prove the work. 

2. What is the sum of the numbers 3106, 812, 48, 500, 
and 2019 ? 

3 10 6 

, ^812 25 Amount of the unitSjOr first column. 

, \ \ 4 8 8 Do. of the tens, or 2d do. 
5 14 Do. of the hundreds, or 3d do. 
2 19 



Answer, 6 4 8 5 



Proof, 6 4 8^^ 



rigbl; because .one unit in^ (be tatter tsase is eqiiat to ten units in the 
foriDer ; that ia, ten in the column pf unU4 are equal to one in the colun>i| 
of tens, and ten iu the column of tens, to one in the column of hundreds, 
4-c. 
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(3) (4) (5) ^(6) 

5 8 I 5 10 9 9 3 1 

32 400 7240 1058 

4 28 500 2000 

5 70 2 40 1082 
I 6.0 3 1 7 9 8 3 



Sum, 2 59 1671 9470 102201 



Proof, 259 1671 9470 102201 



(7) (8) (9) 



4 8 2 


3 8 7 4 


48300825040 


2 5 2 7 


, 5 6 4 1 


65800325080 


6 5 


8 4 2 3 


2300802070 


7 2 


2 7 9 


3 2700328000 


4 3 2 


9 8 4 3 2 8 


2800752000 



(10) (12) (13) 



2 8 7 5 4 2 


5 9 8 7 6 


8 3 4 8 7 


9 8 3 4 2 1 


4 3 9 8 


9 4 8 7 6 


8 8 7 9 8 3 


3 4 7 5 


8 3 2 5 9 


2 8 9 8 4 


8 2 9 7 


9 8 7 9 8 


5 7 6 9 2 


5 4 6 7 


8 4 3 9 8 


8 7 5 4 2 7 


19 6 9 3 


9 7 6 9 8 




7 8 9 3 9 
5 4 9 8 6 


8 3 9 8 9 




7 6 5 4 6 


(H) 


4 3 9 7 8 


6 8 548 


9 8 7 6 9 


9 8 5 8 9 


« 2 7 5 6 


8 7 3 4 9 


8 7 6 7 4 


7 3 2 8 2 9 


4 3 2 9 


7 3 4 6 5 


4 8 7 8 5 4 3 


9 6 8 9 8 


64389 


3 2 7 6 2 8 


8 9 8 7 9 


8 7 6 9 8 


2 6 4 3 17 5 


6 75 8 


87387 
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m 

14. Add together the numbers 8, 43, 201, 5278, 35, and 
71507. Ans. 77Q72. 

15. Add together the numbers 26, 60, 782, 2548, 92812, 
913, and 83. Ans. 97224. 

16. What is the sum total of 287, 34, 8210, 304, 510258, 
83000, and 7? Ans. 602100. 

17. What is the sum total of 90032, 1320, 2870, 4855, 
875, and 48 ? Ans. One hundred thousand. 

18. What is the sum total of 362, 88735, 9542, 521, and 
100850 ? Ans. Two hundred thousand, and ten. 

19. What is the sum total of the following numbers, viz. 

Five hundred and twenty-eight, ' 

Three thousand two hundred, 

Seven thousand nine hundred and fifty, - - 
Forty- two thousand, "-- - -- - - - 

Three hundred twelve thousand, four hundred 
and thirty-one ? 

Ans. 366109. 



20. Required the sum of the following numbers, viz. 
Five hundred and sixty-eight, - - - - 
Eight thousand eight hundred and five, - 
Seventy-nine thousand six hundred, - - 
Nine hundred and eleven thousand, - - 
Nine hundred ninety-nine millions and 

twenty-six. 



Ans. 999990999. 



PRACTICAL QUESTIONS. 

1. A merchant, on settling his accounts, finds that he 
owes A 415 dollars, B 38 dollars, C 1248 dollars, and D 
52 dollars : What is the amount of all these debts ? 

Answer, 1753 dollars. 

2. The contents of five boards are as follows : The first 
board contains 24 square feet, the second 19, the third 22, 
the fourth 13, and the fifth 11. How many square feet do 
they all contain ? Ans. 89. 

3. A man built a dwelling houle, aj>a/^r^ grist mill, 
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and a shed. The dwelling house cost 1520 dollars, the 
barn 218 dollars, the mill 1432 dollars, and the shed 75 
dollars. What did all those buildings cost ? 

Ans. 3245 dollars. 

4. A man borrowed o£his neighbor thirty dollars, at one 
time ; three hundred and &ve at another ; and four thou- 
sand and twenty at another. What do all these sums amount 
to ? Ans. 4355 dollars. 

5. In the year 1821, the number of inhabitants in Eng- 
land was 11260555, in Wales 717108, in Scotland 2092014, 
and in Ireland 6847000. How many inhabitants were there 
in all of those countries? Ans. 20916677. ^ 

6. From the creation of the world to the general deluge, 
was 1650 years ; from this time to the call of Abraham was 
427 years ; from that to the departure of the Israelites out 
of Egypt, 430; from that to the building of the temple by 
Solomon, 479 ; from that to the founding of Rome, 266 ; 
from that to the birth of our Saviour Jesus Christ, 752 ; 
and it is now 1831 years since the birth of Christ. How 
many years since the creation ? Ans* 5835. 

7. The four largest cities in Europe, are London in Eng- 
land, Paris in'France, Constantinople in Turkey, and Na- 
ples in Italy. London contains, about one million two hun- 
dred and twenty-five thousand inhabitants; Paris seven 
hundred and fifteen thousand; Constantinople five hundred 
thousand; and Naples three hundred and thirty thousand. 
What is the whole number of inhabitants in these four great 
cities? , Ans. 2770000. 

8. The population' of the World is estimated as follows : 
Europe, one hundred and eighty millions; Asia, three.hun- 
dred and eighty millions; Africa, fifty millions; America, 
thirty-eight millions ; Austral Asia and Polynesia, two mill- 
ions ; How many in all ? 

Ans. Six hundred and fifty millions. 

9. The Hudson and Erie canal, in the State of New- 
York, extends from the Hudson river at Albany, to Bufi'a- 
lo on Lake Erie. The distances on this can*!, are as 
follows, viz. From Albany to Schenectady 30 miles; 
from thence to U tica 80 miles ; from thence to Syracuse 
61 ; from thence to Rochester 99; and from thence to 
Buftalo 93. There are, in this canal, 26 locks between 
Albany and Schenectady, 25 between Schenectady and 

C Digitized by Google ' ' 

^M i 



25 SUBTRACTION. 

Utica, 25 between Utica and Rochester, and 6 between 
Rochester and Buffalo. How long is the canal, and how 
many locks does it contain? 
Ans. The canal is 363 miles long, and it contains 82 locks. 

• QUESTIONS ON THE FOREGOING. 

1. What are the fundamental rules of Arithmetic ? 2. 
Why are they so called? 3. What is addition? 4. What is 
simple addition? 6. When you would add together several 
numbers, how do you write them down? 6. Which column 
of figures do you add first? 7. Do you begin at the bottom, 
or at the top of the column? 8. When you have added up 
the column of units, what do you do with the amount ? 
9. How then do you proceed ? 10. When you have added 
up the last column, what do you do with tbe amount? 11. 
How is addition proved ? 



SUBTRACTION, 

Is taking a less number from a greater, so as to find their 
difference. 

The greater number is called the Minuend; the less 
number, the Subtrahend; and their difference, or what is 
left after the subtraction is performed, is called the Re- 
mainder, 

Subtraction is either ^empZe or compound* * 

' SIMPLE SUBTRACTION, 

Is taking a less whole number from a greater of the 
same denomination ; as 2 dollars taken from a sum of 5 dol- 
lars, will leave a remainder of 3 dollars : Or, it is simply 
subtracting a less whole number from a greater, without 
regard to their signification; as 4 taken from 7, leaves 3. 
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SUBTRACTION TABLE. 



2-2=0 
3—2=1 
4—2=2 
5—2=3 
6—2=4 
7—2=5 
a— 2=6 
9—2=7 
10—2=8 

3—3=0 
4—3=1 
5—3=2 



6—3=3 
7—3=4 
8—3=6 
9—3=6 
10-3=7 


5—6=0 
6—6=1 
7—6=2 
&-6=3 
.9—5=4 
10-5=5 


4—4=0 
5—4=1 
6—4=2 
7—4=3 

&— 4=4 

0-4=6 

10—4=6 


6—6=0 
7—6=1 
8—6=2 
9—6=3 
10—6=4 



7—7=0 

8—7=1 

9—7=2 

10—7=3 

8—8=0 

9—8=1 

10—8=2 

9—9=0 
10—9=1 



This Table may read thus^ 2 from 2 learea 0; 2 from i 
leaves 1 ; 2 from 4 leaves 2, &c. 

When the nnmbers are small, as in the foregoing table, 
the subtraction of the less number from the greater may 
be readily done in the mind, without writing down the 
numbers. When the given numbers are large, their dif- 
ference may be found by the following 

RULE. 

1. Set the subtrahend, or less number, under the minu- 
end, or greater number,* so that units shall stand under 
units, tens under tens, &c. as in Addition, and draw a line 
underneath. 

2. Begin with the right hand figures, and take, if possi- 
ble, then lower fi^re from the u|)per, and set down the 
remainder underneath, or if nothing remains, set down a 
cipher; and in like manner proceed with all the other 
figures when the figures in the lower number are all less 
than the corresponding figures in the upper number . 

3. But, if any figure in the lower number be greater than 
the one above it, borrow 10, which add to the upper figure, 

* Aitbongb it is osaali and generally most convenient, to write the 
subtrahend below the minuend, it is by no means essential ; and it may 
be well for the student, in solving some of the following c^uestions in 
Subtraction, to write the subtrahend above the minuend, and so perform 
the subtractions downwards, in order that be may be able to perform sub- 
traction in this manner, when it may happen, io complex operations, 
thai the kiumbers are so arranged. / v^^.^i^" 
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28 SIMPLK SUBTRACTfON. 

and from the amount subtract the lower figure, and set 
down the remainder below. Then carry 1, (as an equiv- 
alent to the 10 borrowed,) and add it to the next figure to 
the left, in the lower number, and proceed as before.* 

To "prove Subtraction, 
Add the remainder, or answer, to the subtrahend; and, 
if the work be right, the amoimt will be equal to the minuend. 

EXAMPLES. 

1. Subtract 315 from 457. 

Operation, Explanation, — I first write down the 

Miniiend, 457 numbers as directed in the 1st article of 

Subtrahend, 315 the Rule. Then I subtract as follows : 

I begin with the right hand figures, and ^ 

Remainder, 142 say, 5 from 7 leaves 2 ; which I set down 

underneath: then, 1 from 5 leaves 4, 

Proof, 457 which I set down : then, 3 from 4 leaves 

1, which I set down, and the work is 
dou^. So, the whole remainder, or answer is, 142. — Then, 
in order to prove the work, I add the remainder to the sub- 
trahend; and the sum being equal to the minuend, I con- 
clude the work is right. 

* DemonslreUion —When all Uie figures in the subtrahend are less than 
their corresponding figure's in (lie niiatiend, the diffwrence of iIir figures 
in Ihe several like places, mus(,a}l taken together, make the true d^ffer^ 
ence sought; bi^cause, as thesum of the parts is eqiial to the whole, so 
must the sum of the differences, of alt the similar fiarts. be equal to the 
difference ol (be whole. 

2. The leason of the method of proceeding when any figure in Ihe 
subtrahend is greater than (be corresponding figure in Ihe minuend, may 
be shown as follows : (f any two given numbers be increased equally » by 
the addition of any one number to each of them, their difference,when thus 
increased, will slill he the same as before. Thus, if to each of the num- 
bers, 6 and 4, we add 10, or any other number, their difference, after 
being lhu» increased, will evidently be the same as before, viz. 2. Now, 
in [lerforming subtraction, according to Ihe above Rule, when any figure 
in the subtrahend is greater than the corresponding figure in the minu- 
end, we, in effect, add 10 fo each of those figures ; for instead of adding 
10 to t^o figure in the subtrahend, we add 1 to the nent place to the left, 
which, by the nature of notation, is equal to ten units in the former place: 
Theriifbre, we increase the minnend and subtrahend equally, by adding 
tbe panie number to both , and hence their- difference remains the same 

The reason of the method of proof is evident ; for if the difference 'of 
f\i'o numbi'rs be added to the less number, it must manifestly make up a 
sum equtti to the greater number. 
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Ex.2. 
From 6053 Here, as I cannot subtract 6 from S, I bor- 
take 5B46 row 10 and add to the 3, which makes 13; tlien 

I say, 6 from 13 leaves 7, which I set down. 

Rem. 207 Then I carry 1 to the 4, (on account of the 10 

P which I borrowed,) and say, 1 to 4 is 5, and 

Proof, 6053 5 from 5 leaves 0, which I set down. Then, 
8 from I cannot, but,(I borrow 10, and then 
say,) 8 from 10 leaves 2, which I set down. Then, 1 car- 
ried to 5 is 6, and 6 from 6 leaves 0; and, as there are no 
more figures to the left, I do not set down the 0, because 
ciphers at the left hand of whole numbers are useless. 

Note, — In Simple Subtraction, when it is necessary to 
borrow, instead of adding the 10 borrowed to the upper 
figure, and th^n subtracting the lower figure from the sum, 
as directed in the foregoing Rule, you may, if you choose, 
subtract the lower figure from 10, and add the remainder to 
the upper figure, and set down the sum below : then carry 
1 to the. next figure in the lower number; and so proceed. 



(3) (4) 

From 7602 47026 
take 431 30858 


8 

(8) 

13760078 
5284090 


(5) - (6) 

060790 860500 
32827 734102 


Rem. 7171 ^ 16168 




(7) 

From 632006 A 
take 489008 


(9) 
7020005601 
2452703 


Rem. 


(10) 

From 1000000000 
take 9S7661321 




1000010001110 
10009999 


Rem. 


< 



12. From seventy-four thousand and twenty, take thirty- 
three thousand one hundred and ten. Ans. 40910. 
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30 SIMPLE SUBTBACTION. 

13. From eighty thousand, mbfratt five hundred and 
eight. Ans. 79492. 

14. From two hundred and twenty-eight thousand, take 
two hundred and twenty-eight, Ans. 227772. 

IB. Subtract one from a million, and show the remainder. 

Ans. 999999. 

PRACTICAL QUESTIONS. 

1. If a man's yearly income amounts to 2950 dollars, 
and his expenses to 2400 dollars, how much is added to his 
estate yearly? Ans. 550 dollars. 

2. A owes B one thousand and five dollars : If eight hun- 
dred and seventy dollars of this debt should be paid, how 
much would then remain due ? Ans. 135 dollars. 

3. A vinter bought 20 casks of wine, containing in all 
1260 gallons ; and afterwards sold 14 casks, containing 
948 gallons : How many casks, and how many gallons of 
wine had he left? Ans. casks, and 312 gallons. 

4. A owes B 756 dollars, and C owes B 1273 dollars ; 
how mucj^does C's debt exceed A's? 

Ans. 517 dollars. 

5. The city of Philadelphia was founded by William 
Penn, in the year 1683: how many years from that time 
to the year 1^1 ? Ans. 148 years. 

6. Homer, the famous Greek epic poet, died about 900 
years before the birth of Christ, and Virgil, the prince of 
the Latin poets, died 19 years before Christ : How many 
years from the death of Homer to the death of Virgil ? 

Ans. 881 years. 

7. Gunpowder was invented by Roger Bacon, in the 
year 1280 ; how long was this before the invention of print- 
ing by Laurentius of Harlaem, which was in the year 1430 ? 

Ans. 150 years. 

8. In the year 1920, the State of Connecticut contained 
275248 inhabitants; Rhode-Fsland 83059; New-Hamp- 

.fihire 244161 ; Maine 298335 ; and Vermont 235764. The 
city of London, in the same year, contained a population 
of about 1225000 souls ; How many more inhabitants were 
there in London than in the five States above mentioned ? 

Ans. 8843^. 

9. The i^umber of inhabitants in the whole world is sup- 
posed to be about aix hundred and fifty millions : About 
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two hundred and seventeen millions of them are professors 
of Christianity ; one. hundi^d millions are Mahometans ; 
three millions are Jews ; and the rest Heathens : What is 
the number of Heathens, and how many more Heathens 
are there than Christians? 

Ans. The number of Heathens is 330 millions, and there 
are 113 millions more Heathens than Christians. 

aU£STlONS ON THE FOREGOING. 

1 . What is subtraction ? 2. What is the greater number 
called ? 3. What is the less number called ? 4. What is 
their difference called? 5. What is simple subtraction? 6. 
When you would subtract one number from another, how 
do you set them down? 7. Where do you begin to sub- 
tract ; and how do you proceed ? 8. What is to be done 
when any figure in the lower number is greater than that 
above it? 9. How is subtraction ptoved? 



MULTIPLICATION, 

Is a compendious method of performing Addition; teach- 
ing how to find the amount of any given number when re- 
peated a certain number of times ; as 3 time^ 4, which is 
12; that is, 4 repeated 3 times, (viz. 4-|-4-|-4,) makes 12. 

The number to be multiplied, or repeated, is called the 
Multiplicand; the number to multiply by^ or the number 
of repetitions, is called the Multiplier; and the number 
produced by multiplying the former by the latter, being 
the total amount of all the repetitions, is called the Pro- 
duct. Also, the multiplicand and multiplier are both called 
Factors* 

SIMPLE MULTIPLICATION, 

Is th^ multiplying of any two or more numbers together, 
without having regard to their signification ; as 4 times 6 
is 20. 

Before proceeding to any operations in multiplication, 
it is necessary to learn very perfectly the following table 
of all the products of the first 12 numbers, eommonjy called 
the multiplication table. ^^"^' by ^oogiv 



SIMPLB MULTIPLICATION. 



MULTIPLICATION TABLE.* 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


121 


a 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 


3 


6 


9 


12 


16 


18 


21 


24 


27 


30 


33 


36 


4 


8 


12 


16 


20 


24 


28 


32 


36 


40 


44 


48 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


6 


12 


18 


24 


30 


36 


42 


48 


54 


60 


66 


72 


7 


14 


21 


28 


35 


42 


49 


56 


63 


70 


77 


84 


8 


16 


24 


32 


-40 


48 


56 


64 


72 


80 


88 


96 


9 


18 


27 


36 


45 


54 


63 


72 


81 


90 


99 


108 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


110 


lao 


11 


22 


33 


44 


55 


66 


77 


88 


99 


110 


121 


132 


12 


24 


36 


48 


60 


72 


84 


.96 


108 


120 


132 


144 



To commit this table to memory, begin with the 2 in 
the top line of figures, and multiply each figure in the left 
hand column by it, and you will fii>d each product in the 
2d column right against the figure you multiply ; thus, 
twice 1 is 2, twice 2 is 4, twice 3 is 6, and so on. Then 
take thjB S in the top line for a multiplier, and multiply each 
figure in the left hand column byMt, as before, and you will 
find the several products in the 3d column, against the fig- 
ures you multiply; thus, 3 times 1 is .3, 3 times 2 is 6, &c. 
In like manner proceed through all the columns in the table, 
and each product will be found in the same column with 
the multiplier, right against the multiplicand. 

CASE I. 

To multiply any number by a single figure^ or by any num- 
ber not greater than 12. 

RULE. 

1. Set down the multiplier under the right hand figure, 
or figures, of the multiplicand, and draw a line underneath. 

* The iovention of this table is ascribed to Pythagoras, a Grecian phi- 
losopher, who died about five ceDtaries before the birth of Christ. ^ The 
table is formed by addtlioo, id the following manner : The nambers 1, 
2^ 8, 4, 6, 6» 7, 8, 9> 10, 11, 12, are written iii the first column ; then each 
^f these numbers is added to itself, and the several sums are written in 
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2. Multiply the right hand figure of the multiplicand by 
the multiplier; if the product is but one figure, set it down 
in the place of units below the multiplier; but if it consists 
of more figures than one, set down only the right hand 
figure of it, and carry, the rest to be added to the product 
found by multiplying the next figure of the multiplicand. 

3. Multiply the next figure of the multiplicand by the 
multiplier; to the product add the number,(if any,) carried 
from the former product ; set down the right hand figure 
of the sum, and carry the rest, (if any,) to be added to the 
product in the next place, as before ; and so proceed in 
multiplying all the figures of the multiplicand by the mul- 
tiplier, and set down the whole amount found in the last 
place at the left hand.f 

EXAMPLES. • 

I. Multiply 30256 by 4. 

Operation. Explanation, — I first 

Multiplicand, 30256 ) The | place the multiplier under 
Multiplier, 4 y Factors, the right hand figure of 

the multiplicand, and draw 

Product, 121024 a line underneath. Then 

I begin at the right hand 
to multiply, and say 4 times 6 is 24 ; I set down 4 and carry 
2 : then, 4 limes 5 is 20, and the 2 I carried makes 22 ; I 
set down 2 and carry 2 : then, 4 times 2 is 8, and the 2 I 
carried makes 10 ; I set down and carry 1 : then, 4 times 

the 2d column, which conlains each number in the first column doubled. 
Each number in the first column is then added to the number standing 
against it in th» 2d column ; and the several sums are written in I he 3d 
column, which contains each number in the first tripled ; and in this 
manner the table is formed throughout. 

8742 
6 

t The reason of this rule is the same as for 

the process in Addition, in which 1 is carried 12=^- 2x6 

for every 10, to the neit pitice, gradually as fbe QdA— dOvA 

several products are produced one Hfler aoolh- Zw— ^UXO 

er, instead of setting them ail down one below 4200= 700x6 

another, as in the annexed eiarople. 48000=8000x6 



^,_,^Sp:42x6 
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iB 0,* but the 1 I carried makes 1 ; I set down 1 : then, 4 
times 3 is 12, the whole of which I set down, because there 
are no more figures to multiply. So, the work is done, 
and the whole product is 121024. 

The learner will readily perceive that the rule for carry- 
ing the tens from the amount in each place to that in the 
next higher place, is the same in Multiplication as in Ad- 
dition. I would advise the learner, at first, in multiplying, 
to set down the amount found in each place, as in Addition ; 
and after having found the total product, to look over the 
whole work carefully again,'in order to correct the errors 
in it, if there should happen to be any. See the next ex- 
ample. 

Several methods of proving Multiplication will be giveu 
in Case II. ' * , 

' (2) ' 
Multiply 8742 12 Product of the units, 

by 6 25 do. of the tens. 

44 do. of the hundreds. 

Product, 52452 



(3) 

Mult, 54296 
by 2 


(4) 
8705080 
3 


(5) 
62050300 
4 


Prod. 108592 


26115240 


248201200 


(6) \7) (8) 

800924 99800T7 750289 
5 6 7 


(9) 
657884 

8 




(10) 

123456789 
9 


(11) 
7654321 
11 


(12) 

8438020987 
12 







" If be multiplied bjt^any number, or any number be multiplied by 
0, the product will be»0. ^ r^^^\^ 
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«AS£ II. 

When the multiplier consists of several figures. 

RULE. • 

1. Set down the multiplier under the multiplicand, so 
that units shall stand under Units, tens under tens, &c. as 
in Addition and Subtraction, and draw aline underneath. 

2. Multiply the multiplicand by the right hand figure of 
the multiplier, and set down the product, as in Case first. 

3. Multiply, in like maner, by the next figure in the mul- 
tiplier, and place the right hand figure of the product ex- 

» actly under the figure you^ultiply by, and place the other 
figures of the product to the left of this, in regular order, 
under the corresponding figures of the former product. In 
like manner multiply the multiplicand by each of the re- 
maining figures of the multiplier, and place the right hand 
figure of each product directly under the figure you multi- 
ply by. 

4. Draw a line below the several partial products thus 
found, and add them together, in the order ii^ which they 
stand, and their sum will be the total product required.* 

Note, — When there are ciphers between the significant 
figures in the multiplier ; then, in multiplying, omit or neg- 
lect those ciphers ; but be careful in multiplying by the sig- 
nificant figures, to set down the right hand figure of each 
partial product exactly below the figure of the multiplier by 
which it is produced. 

*Denunkstration, — Afier having found the jproduct of the oaaltiplicand 
by the first figure of the multiplier, as in the former Case, the multiplier 
is supposed to be divided into parts, and the product is found for the 
second figure in the same manner : but as this figure stands in the place 
of tens, the product must be ten times its simple value ; and therefore the 
first or right hand figure of this product must be set in the place of tens; 
V or, which is the same thing, directly 
under the figure multiplied by. And 5207 

by procecdirfg in this manner separ- ^^p, 

ately vAth all the figures of the multi- '^^ 

pifer, it is evident that vie shall multi- ~— 

ply all the parts of the multiplicand, 26035= 5 times 5207. 

by all ihe parts of the multiplier, or 20828 = 40 times ditto, 
the whole of the multiplicand by the -^^;T ^w^ x- j»xx 

whole of the multiplier ; therefore 1^414 =200 times ditto, 
these several products being addedto- ■ — — — 

get/ier, will be equal to the whole re- 1275715=245 time* ditto, 
quired product; as in the example 
annexed. DgtzedbyGoogle 



SIMPLK BIULTIFLI CATION. 



£;XAMPLES. 



1. Multiply 5207 by 346. 



In performing the work of this 
example, I first set down the given 
factors as directed in the Rule, and 
draw a line below them. Then I 
multiply the multiplicand by 5, as in 
Case first, and the product is 26035. 
I next multiply by 4, and the pro- 
duct is 20828, the right hand figure 
of which I place under the 4 in tlie 
multiplier. I then multiply by 2, and the product is 10414, 
the right hand figure of which I place under the 2 in the 
multiplier. Lastly, I draw a line under these partial pro- 
ducts, and add them together ; and I find their sum to be 
1275715 ; which is the total product required. . 



-Multiplicand, 5207 
Multiplier, 245 

26035 
20828 
10414 

Product, 1275715 



Multiply 43027 
by 3205 

215135 
86054 
129081 



Prod. 137901535 



(3) 

Multiply 7028356 

by 10054 

28113424 
35141780 
7028356 

Product, 7066309122^1 



TO PROVE MULTIPLICATION. 

There are three different methods of proving Simple 
Multiplication, which are as follows : 

First Method. 
Multiply the given multiplier by the multiplicand, and 
the total product thus found, will be the same as that "found 
before, if the work be right.* 

* When two numbers are to be multiplied together, either 
of them may be made the multiplier or multiplicand, and 
the product will be the same. Hence the reason of this 
method of proof is obvious. — It may be proper further to 
inform the learner, that when three or mom numbers are 
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This method is illustrated by the following example. 
(4) Then, to prove, the work, 

Multiply 463 Multiply 48 

by 48 by 463 

^ 3704 144 

1852 ^288 

192 

Prod. 22224 

Prod. 22224 Proof. 

Second method of Proof, by casting out the nines. 

1. Cast the 9's out of ihe sum of the figures in the mul- 
tiplicand, thus : Add together the figures of the multipli- 
cand ; but, in adding, omit all the 9's, and reject 9 from the 
sum as often as it amounts to 9 or more, always retaining 
the excess over 9 ; and the last excess thus found, will be 
the excess of 9's in the sum of all the figures ; which ex- 
cess set down at little to the right hand of the multiplicand. 

-2. In like manner find the excess of 9's in the multiplier, 
and plac^ it against the multiplier. 

3. Multiply the excess of 9's in the multiplicand, by the 
excess in the multiplier, and find, as before, the excess 
overdo in the sum of the figures of this product, which excess 
place against the answer to the question, or the total pro- 
duct of the two given factors, which you wish to prove. 
Then cast the 9's out of the product fost mentioned, as be- 
fore ; and if the excess is the same wM that standing against 
the product, the work may be supposed to be right; but if 
these excesses dMer, the work is erroneous.* 

to be multiplied together, it is not material in what order 
the several factors are multiplied together : e. g. the pro- 
duct of the numbers 2,5, and 8, is 80; and if the product o^ 
any two of theiii; be multiplied by the remaining number> 
the final product, will be 80 ; for 2x5x8=80, aiiid 2x8x5=80» 
^nd 8x5X2:=^8a 

" * Thi^ 'rule 5pr proving multiplication depends upon^a 
peculiar propierty of the number 9, which, except the num- 
bers, beings to., no other digit whatever; viz. that "any 
number divided by 9, will leave the same remainder as the 
sum of "its' figures divided by 9."-— The rule may be demv 
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This method of proof is illustrated by th« two following 
examples. 

(5) (6) • 

Excess of 9V Excesses. 

Multiply 53693 - - - 8 Multiply 9207 - - - 

by 349 - - - 7 , by l37 - - - 2 

r » 

483237 64449 

214772 27621 

161079 9207 ^ 



Product, 18738857 - - - 2 Prod. 1261359 - - - 

I prove the work of example 5th thus : I begin at the 
left hand figure of the multiplicand, and say 5 and 3 are 8, 
and 6 are 14 ; which sum being more than 9, I cast 9 out 
of it, and 5 remains: then, (omitting the 9 in the multipli- 
cand,) I say 5 and 3 are 8; which sum, being the excess of 
9'sin the multiplicand, I set down a little to the right. 
Then I proceed to the multiplier, and say 3 and 4 are 7; 
which sum I set down to the right hand of the multiplier. 

onstrated as follows : Let A and B denote the number of 
9's in the two factors to be multiplied, and a and h what 
remain ; then 9^+a and 9^+6 will be the factors them- 
selves, and their product is(9^x9 jB)4-(9^x6)+(9J5xa) 
+(aX&^; but the first three of these products are each a 
precise number of 9's, because their factors are so, either 
one or both : these therefore being cast away, there re- 
mains only axh; and if the 9V also be cast out of this, the 
excess is the excess of 9's in the total product: but a and 
h are the excesses in the factors themselves, and axh is 
their product; theriefore the rule is true. 

This method of proof, however, is not infallible ; for 
although the work will always be wrong when it proves 
so according to this rule, yet it may not be right when it 
proves so ; because the right figures may stand in the pro- 
duct, and not stand in the right order; or two or more 
wrong figures may amount to the same, when added to- 
gether, as the right ones would. But as the method will 
usually detect mistakes, and is shorter than the other jneth- 
ods, it is thought useful to be retained. . , 
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I then multiply these two excesses together, and their pro- 
duct is 56. The two figures of this product, viz. 5 and 6, 
I add together, and their sum is 11, which exceeds 9 by 2 ; 
and this excess I place against the total product in the ex- 
ample. Lastly, I cast the 9's out of this product thus : I 
begin at the left hand, and say, 1 and 8 are 9 ; which I 
cast away: then, 7 and 3 arc 10 ; I cast away 9, and 1 re- 
mains : then, 1 and 8 are 9, which I cast away : then, 8 and 
5 are 13, which is4over 9 — I castaway 9: then, 4 and Tare 
11, which is 2 over 9; and as this excess is the same as the 
excess standing against the product, I conclude the work is 
right. 

Tliird method of Proof, 

Multiplieation may be proved by Division ; viz. thus : 
Divide the product by either of the factors, and the quotient 
will be equal to the other factor, if the work be right. This 
is the safest method of proving multiplicatioa, but it cannot 
be practised till the rule of Division is learned. / 

More Examples in Simple Multiplication. 

7. Multiply 224676 by 474. A ns. 106496424. 

8. Multiply 423801 by 661. Ans. 275894451. 

9. Multiply 829921 by 911. Ans. 756058031. 

10. Multiply 8192 by 4096. Ans. 33554432. 

11. Multiply 80546 by 80052. Ans. 6447868392. 

12. Multiply 40353607 by 16807. Ans. 678223072849. 

13. Multiply 85173 by 78542. Ans. 6689657766. 

14. Multiply 4897685 by 40003. Ans. 195922093055. 

15. Multiply the number 8763 by itself. Ans. 76790169. 

16. Required the continued product of the numbers 

4096x512x64. Ans. 134217728. 

17. Required the product of 1296x216x36x6. 

Ans. 60466176. 

CONTRACTIONS IN SIMPLE MULTIPLICATION. 

There arc several methods^^f contraction which may be 
used in particular cases, in finding the products of numbers, ' 
by which the operations fnay be performed in a shorter 
manner than by the foregoing rules. The most useful of 
these contractiong are the foHowing. 
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I. When there are ciphers on the right hand of one or 
both of the factors : Set down the factors in the same man- 
ner as if there were no ciphers on the right hand : then, in 
multiplying, neglect those ciphers, and multiply together 
the other figures as usual; and annex to the product as many 
ciphers as there are on the right hand of both the factors.* 

EXAMPLES. 

1. Multiply 543000 2. Multiply together the two 

by 520. iiumbers 4027 and 28000. 

543000 4027 

520 28000 



1086 32216 

2715 8054 



Prod. 282360000^ Prod. 112756000 

3. Multiply 359260 by'3040. Ans. 1092150400. 

4. Multiply 9826000 by 82530. Ans. 810939780000; 
Note. — To multiply any number by 10, or 100, or 1000, 

4-c. : Annex to the given multiplicand as many ciphers as 
there are in the multiplier, audit will then be the product 
required. 

So 54x10=540 

And 342x100=34200 

And 120x1000=120000 

II. When fhe multiplier exceeds 12, and is a composite 
number f which can be j^oduced by multiplying together 
two or more small numbers not greater than 12 : Then 
multiply the given multiplicand by one of those small num- 
bers, or component parts of the multiplier, and that product 
by another of those numbers, or parts, and so on, till you 



*The reason of (his method of contraction will easily Appear flFom (be 
demonstration of the rule for Case 2d, and from the nature of notation. 

1 A eompoiUe number is one that can be produced by multiplying to- 
gether two or more smaller numbers ; or, in other words, a composite 
number is one that can be divided by some smaller number besides uni- 
ty, wiihout a remainder. The (actors which produce any composite 
nomber, are called (he component parts of (he number. Those numbers 
which are not composKe, are called prime numbers. 
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have multiplied by all of them ; and the last product will 
be the total product required.* 

EXAMPLES. 

1. Multiply 6423 by 35. 2. Multiply 8321 by 1728. 

Here, because 7x5=35, Here, because 12x12x12= 

I multiply by 7, and' then . 1728, 1 multiply three times 

by 5, as follows : by 12, as follows : 



6423 

7 


8321 
• 12 


44961 
6 


99852 
12 


234805 Ans. 


1198224 
12 



14378688 Ans. 

3. Multiply 1504 by 42. 

7x6=42, and hence 1504x7x6=63168, the Ans. 

4. Multiply 8647 by 252. 

4x7x9=252; hence 8647x4x7x9=2179044, the Ans- 

5. Multiply 64321 by 81. Ans. 5210001. 

6. Multiply 712836 by 96. Ans. 68432256. 

7. Multiply 3742 by 14400. Ans. 53884800. 

HI. When all the figures of the multiplier are 9'6* ; An- 
nex as many ciphers to the multiplicand as there are figures 
of 9 in the multiplier ; then, from this number subtract the 
given multiplicand, and the remainder will be the product 
required.! 

* The reason of this rate is obvious ; for any oumber, tnuttipUed hy 
the compODent parts of another number, must give the same product as 
though it were multiplied at once by the whole number, or product of 
those ^rts : Thus, in example first, 5 times (he product of 7 multiplied 
into 6423, makes 35 times that number, as plainly as 5 times 7 makes 35. 

t It is evident that if any number be multiplied by 9, the product will 
be 9 tenths of the product of the same number multiplied by 10 ; and as 
the annexing of a cipher to the multiplicand increases it ten fold, It is 
evident that if the given multiplicand be subtracted from the tenfold 
multiplicand, the remainder will be ninefold the said given multiplicand, 
equal to the product of the same by 9 v and the same will bold true oi 
any Dumber of 9's. 
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42 SIMPLE MULTIPLieATION. 

EXAMPLES. 

1. Multiply 7528 by 99. From 762800 

subtract 7528 



Ans. 746272 
/ 2. Multiply 476286 by 999. Ans. 474810714. 

3. Multiply 86720 by 9999. Ans. 867113280. 

APPLICATION bp MULTIPLICATION. * 

Note, — When the value, or weight, &c. of any article or 
thing is given, to find the value, &lc. of any number of like 
articles : Multiply together the value of one article and the 
number of them, and the product will be the answer.* — 
Either of the two factors may be made the multiplier, but 
it will generally be the most convenient to multiply by the 
less number. 

EXAMPLES. 

1. A merchant sold 8 pieces of cloth, at 12 dollars apiece; 
how much money did he receive for the whole ? 

Here 12x8=96 dollars, Ans. 

2. If27 barrels contain each 196 pounds of flour, how 
much flour do they all contain? Ans. 5292 pounds. 

3. What do 210 hats come to, at 3 dollars each? 

Ans. 630 dollars. 

4. What do 52 firkins of butter come to, at 7 dollars a 
firkin? Ans. 364 dollars. 

5. My orchard contains 16 rows of trees, with 23 trees in 
each row ; how many trees are^ there in it? Ans. 345. 

6. What is the value of 526 acres of land, if each acre be 
^vorth 15 dollars? Ans. 7890 dollars. 

7. What do 13 tons of hay come to, at 15 dollars a ton? 

Ans. 195 dollars. 
/ 8. If seventeen casks contain each thirty gallons of cider, 
how much cider do they all contain? 

Ans. Five hundred and ten gallons. 
9. How many panes of glass will it take to make 22 win- 

* Tbe reason of f bis rule is very obvious; for it is plain that if one 
yard of clolb is worth 3 dollars^ 2 yards aro worth twice 3 dollars, or 6 
dollars, and 3 yards are worth 3 times 3 dollars, or 9 dollars, and so on; 
and it is evident thai tbe rule \k ill hold true in all similar calculations. 
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dowsy'with 24 panes in each window? Ans. 526. 

10. A merchant bought 342 bales of linen ; each bale 
contained 56 pieces of cloth, and each piece 25 yards :, how 
many pieces, and how many yards of cloth were there ? 
Ans. 19152 pieces, and 478800 yards. 

QUESTIONS ON THE FORBOOING. 

1. What is Multiplication ? 2. What is the number to be 
multiplied called? 3. What is the number by which we 
multiply called ? 4. What is the general name for both 
numbers? 5. What is smp/e multiplication? 6. What is the 
first case in simple multiplication? 7. How do you set down 
the factors? 8. Where do you begin to multiply; and how 
do you proceed? 9. When do you carry, and to what do 
you add the number carried ? Ip. What is the second case ? 
11. How do you set down the factors in this case? 12. 
How many figures of the multiplier do you use at a time ? 
13. In multiplying by each figure of the multiplier,' how do 
you set down the product? 14. When you have multiplied 
by all the figures of the multiplier, what do you do next? 
15. What is the first method of proving multiplication ? the 
second? the third? 16. How do you perform multiplication 
when there are ciphers at the right hand of the factors? 17. 
How do you multiply any number by 10, or 100, A^c. ? 
18. What is a composite number? 19. How may two num- 
bers be multiplied together when the. muUiplier is a com- 
posite number? 20. What method of contraetton may be 
used when all the figures of the multiplier are 9's ? 21. How 
do you find the value of any number of similar articles, wheft 
the value of one of them is known? 



DIVISION, 

Teaches how to separate any given number, or quantity^ 
into any number of equal parts assigned ; or to find how 
often one number is contained in another; and is a concise 
method of performing several subtractions. 

The number to be divided is called the Dividend; the 
number to divide by is called the Divisor ; and the number 
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44 SIMPLE DIVISION. 

of tfrncs the dividend contains the divisor, is called the 
Quotient If there is anything left after the operation is 
performed, it is called the Remainder. Sometimes there is 
a remainder, and sometimes none : when there is any, it is 
less than the divisor, and oit the same denomination as the 
dividend. . , 

SIMPLE DIVISION, 

Is the dividing o( one number by another, without regard 
to their values ; as 20, divided by 5, produces 4 in the quo- 
tient ; that is, 5 is contained 4 times in 20. 

Note. — :It will be proper for the scholar, before proceed- 
ing to perform any operations in division, to loarh the mul- 
tiplication table in an inverted order, as follows : Say 2 in 
4, twice ; 2 in 6, three times; 2 in 8, four times, &c. : then, 
taking the next column, say 3 in 6, twice ; 3 inO, three times; 
3 in 12, four times, &,c. ; and in like manner proceed through 
the whole table. 

CASK I. 

■•...',• • • , <» 

'' When the divisor does notesicced 12. 

1. Place the divisol* at the left hand of the dividend, with 
^ curve line between them, and draw a line under the div* 
idend. 

2. See how many of the left hand figures of the dividend 
mtist be taken to make a number that will contain the divi- 
sor \ that is, a number as large^ at least as the divisor ; and 
the number expressed by those figures, call the dimdual* 

3. Find how many times the dividual contains the divi- 
sor, and also what remains over : The number of times the 
divisor is contained in the diviikial will be the first figure 
of the quotient ; which figure set down below the right hand 
figure of the dividual ; and the remainder, (if any,) suppose 
to be prefixed to the next figure in the dividend, for a new 
dividual; but if there is no remainder, then take the said 
next figure of the dividend for a new dividual. 

4. Find another quotient figure, as before, and so pro- 
ceed, until the work is done. 

.* The dividaal is a partial dividend, or so much of the dividend a? is 
taken to be divided at a time, and which produ€&3 one quotient figure. 
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Note 1. — When any dividual after the first, is less than 
the divisor, place a cipher in the quotient, and suppose the 
dividual to be joined to the next figure of the dividend, for 
.a new dividual;^ after which proceed as before. 

Note 2. — If, after the division is performed, there is a 
remainder left, it may be placed a little to the right hand 
of the quotient, as in the 1st, 2d, and 3d examples ; or, if 
you wish to make the quotient complete, then draw a short 
horizontal line from the quotient towards the right, and 
place the remainder above, and the given divisor below this 
line ; which will form a fraction that will express the true 
value of the remainder. See examples 7th, 8th, &c. 

To prove Division, 

Multiply the quotient by the divisor ; to the product add 
the remainder, if any ; and the result will be equal to the 
dividend, if the work be right.* ^ 

^ EXAMPLES. 

1. Divide 374027 by 4. 

Dividend. 93506 Quotient. 

Divisor, 4)374027 4 Pi visor. 



Quotient, - 93506 - - 3 Rem. 374024 

+3 Rem. 



•374027 Proof. 
In performing the work of this example, I proceed thus : 
I first set dpwn the given numbers as directed in the Rule ; 
then I examine the dividend, an^d find that the two left 
hand figures are the fewest that will contain the divisor ; 
and therefore I take these two figures, which make the 
number 37, for the first dividual. This number contains 
the divisor 9 times, and 1 remains over ; for 9 times 4 is 

* f^ulliplicalion and Division being tlie reverse of each other, the rea- 
son of Ibis metboci of proof is evident. There are also several other meth. 
ods sometinoes used for proving division ; two of whicli may be briefly 
eiplained «s follows : If the remainder be subtracted from the dividend, 
the difference will be the product of the divisor and quotient, if the work 
be right. Therfore, if this difference be found, the work may then be 
proved by either of the two last methods laid down for proving Molti- 
plication. 
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36, and 1 makes 37. The 9 I place underneath, for the 
first quotient figure ; and the 1 remainder, I suppose to be 
prefixed to the next figure of the dividend, viz. 4; and then 
I have 14, for a new dividual. This dividual contains the 
divisor 3 times, and 2 remains over; for 3 times 4 is 12, 
and 2 makes 14. The 3 I place underneath, and the 2 
which remains, I suppose to be prefixed to the next figure 
of the dividend, which makes 20, for a new dividual. This 
dividual contains the divisor just 5 times; for 5 times 4 
is 20. The 5 I set down ; and as there is no remainder, I 
take the next figure of the dividend, vii. 2, for a new divid- 
ual ; but as this is less than the divfsor, I set down a cipher 
below, and then suppose the 2 in the dividend to be joined 
to the next figure, which makes 27, for a dividual. . This 
dividual contains the divisor 6 times, and 3 remains over. 
The 6 I set down, and as there are no more figures in the 
dividend, I set down the remainder a little to the right hand 
of the quotient, which finishes the work. — ^Then, to prove 
the work, I multiply the quotient by the divisor, and add 
the remainder to the product ; and as the result is equal to 
the dividend, I conclude the work is right. 



5)470152 

Quotient, 94030 - • 2 
5 



(3) • 
2)783002637 

391601318 -. 1 
2 



(4) 
3)860250 

286750 
3 



860250 



Proof, 470152 783002637 

I perform the work of example 2d thus: I say 5 in 
47, 9 times, and 2 over — I set down 9: then, 5 in 20, 4 
times — I set down 4: then, 5 in 1, no times, but 1 remains 
— I set down 0: then, 5 in 15, 3 times — I set down 3 : then, 
5 in 2, times, but 2 remains — I set down 0, and place the 
2 remainder near the quotient, at the right hand, which 
finishes the work. 

(5) (6) (7) 



4)3024004 
756001 



6)82370055 
16474011 



6)196231 



32705 J^ 
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(8) (9) - (10) 

7)32800256 * 8)860275 



4685750f 107534 J 33371 H 



11. If 758967 be divided by 11, what will the quotient 
be? Ans. 68997. 

12. What is the quotient of 4765862 divided by 11? 

Ans. 433260i2r 

13. What is the quotient of 1072687 divided by 12? 

» Ans. 89390A 

14. What is the quotient of 9876543210 divided by 12 ? 

Ans. 82304526fA 

15. Divide 14738 by 8. ' 

16. Divide 8300600 by 9. 

17. Divide 102460175 by 12. 

CASE II. 

When the divisor exceeds 12. 

RULE.* 

1. After having set down the dividend, mark off a curve 
line on each side of it, and place the divisor on the left 
hand. 

* This is a general rule for th^ division of whole nnmbers. The melh- 
od by the rule for Case first, is a contraction of the process by the gen- 
eral rule ; the subtrahends in (be former case being made oiit and sub- 
tracted mentally. In performing division by either of these rules, we 
resolve the dividend into parts, and find the number of times the divisor 
is contained in each of those parts. Each dividual is just so much of the 
dividend, as is necessary to be divided in order to obtain one quotient 
figure ; and the only thing which remains to be proved, is, that the sev. 
era! figures of the quotient, taken as one number, according to the order 
in ^hich they are placed, are the true quotient of the dividend by the 
divisor; which mav be thus demonstrated. 

Dem. — The local or complete value of the first part of the dividend, or 
first dividaal, is, by the nature of notation, 10^ or 100, or 1000, &c. times 
the simple value of what it is taken in the operation ; according as there 
are 1, 2, or 3, hG. more figures in the dividend ; and consequently the 
trne value of the quotient figure belonging to that part of the dividend, 
is also 10, 100, or 1000, &,c. times its simple value ; but the local or com- 
plete value of the quotient figure, belonging to that part of the dividend, 
found by the rule, is 10, lOu, or 1000, &.c. times its simple value; for 
there are asinany mure quotient figures as there are figures remaining in 
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2. Take as many of the left hand figures of the dividend 
as may be necessary, for a dividual, as in Case first. Find 
how many times the dividual contains the divisor, and place 

the given dividend : therefore, the first qoottent figure, taken in its com- 
plete value from the place it staads in, is the true quotient of the divisor 
in the complete value of the first part of the divideud. For the same 
reason, all the rest of the figures of the quotient, taken according to tbeir 
places,are, each, the true quotient of (he divisor, in the complete value 
of the several parts of the dividend belonging to each ; consequently, 
taking all the quotient figures in the order in which they are placed by 
the rule, they make one number, which is equal to the sum oi the true 
quotients of all (he several parts of (he dividend ; and is, therefore,. (be 
(rue quotient of the whole dividend by the divisor. 

That no obscurity may remain in the demonstration, it is illustrated 
by the following example. 

Divisor=24)85701 Dividend. 
1st dividual=85000(3000 the 1st quotient. 
1st subtrahend=24x3000-72000 



1st remainder=13000 
+700 



2d dividual=13700( 500 the 2d quotient. 
2d subtrahend=24x500=12000 



2d remainder='1700 
+00 

3d dividnal=1700( 70 the 3d quotient. 
3d 8ubtrahend=24x70=1680 



3d remainder^ 20 

+^ 

4th dividuaW21( the 4th quotient. 

4th subtrahend=24x0= 

— * 3570 the sum of all the 
4th^ and last remainder=21 quotients; or, the Answer. 

Explanation. — It is evident that (he dividend is resolved into these 
parts, 86000+7QO+00+1 ; for though the first part of the 
dividend, or the first dividual, is considered only 85, yet it is truly 85000; 
and therefore its quodent b not simply 3i but is really 3000, and the 
remainder is 13000 ; and so of the rest ; as may be seen la the operation. 

When there is no^ren^aiadcrtottAlivisioB, the p9|i|^^^,absolu(« 
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the result at the right hand of the dividend, for the first 
figure of the quotient. 

3. Multiply the divisor by that quotient figure, and 
place the product under the dividual, ft>r a subtrahend. 

4. Subtract the subtrahend from the dividual, and bring 
down the next figure of the dividend, and annex it to the 
remainder, for a new dividual. Then find another quotient 
figure as before ; and so proceed until the work is finished. 

Note 1. — ^If it be necessary to bring down more than 
one figure to any remainder, to make it as large as the 
divisor, then a cipher must be put in the quotient for every 
figure so brought down more than one. 

Note 2. — When the divisor is a large number, each quor 
tient figure must be found by trial; and, in making these 
trials, the learner should always bear in mind, ^at the 
subtrahend must not be greater than the dividual, nor so 
much less as to leave a remainder as great as the divisor. 

Note 3. — When division is performed by the rule for 
Case fir^t, it is called Short Division; and when performed 
by the rule for Case second, Long Division. 

EXAMPLES. 



Divisor. Divid. Quotient. 
14)337§5(2413 
28 •• . 




57 the 2d dividual. 
56 the 2d subtrahend. 


2413 Quotient. 
14 Divisor. 


18 the 3d dividual. 
14 the 3d subtrahend. 


9652 
2413 


45 the'4th dividual. 
42 the 4th subtrahend. 


33782 

+3 Rem. 


3 the last remainder. 


33785 Proof. 



and perfect answer to the question ; but when (here is a remamder, it 
Diay be observed, (bat it §;oes so much towards another time as it ap- 
" pfoacfae^the divisor : thus, if the remainder be equal to half the divisor, 
it will pi half a time move, and so on. in ordei^, therefore, to complete 
the quotient, put the last remainder to the end of it, above a line, and 
the divisor below it. Hence the origin of vulgar fractioes, which are 
treated of hereaitter. — [The preceding Note has been mostly copied from 
Pike's Arilhm^ic ] E 
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In performing the work of example 1st, I find that the 
first dividual, viz. 33, contains the divisor twice ; and there- 
fore I set down 2 for the first quotient figure. I then mul- 
tiply the divisor by this quotient figure, and the product is 
28, which I place under the dividual, for a s^ubtrahend. I 
then subtract the subtrahend from the dividual, and the 
remainder is 5, to which I annex the next quotient figure, 
and then I have 57, for a new dividual. This dividual 
contains the diviscfr 4 times, and therefore I set down 4 for 
the second quotient figure. Then I make out a subtrahend, 
dc«. as before, and continue the operation in like manner 
until I have brought down all the figures of the dividend. 

Note. — When a figure is brought down from the dividend 
a dot should be made under it, to show that the figure ha« 
been brought down ; as in the foregoing example. 

(2) . (3) 



24)614472(25603 

48 


124)78300(631t^4 
744 


134 

120 


^90 
372 


144 
144 


180 
124 


72 
72 


56 



00 

4. If 646678 be divided by 13, what will the quotient be ? 

Ans. 49667A. 

5. If 71640 be divided by 72, what will the quotient be ? 

Ans. 995. 

6. How many times is 422 contained in 253622 ? 

Ans. 601 times. 

7. How many times is 456 contained in 378480? 

Ans. 830. 
As learners sometimes find it difficult, when the divisor 
is a large number, to find the number of times each dividual 
contains the divisor, I would advise them, in such case«, to 
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use the following method of finding the quotient figures. 

^ After having made out fi dividual, begin at the right hand 
figure of it, and count off as many figures lacking two as 
there are in the divisor; then find, by trial, how many times 
the part of the dividual remaining to the left, contains the 
number expressed by the two left hand figures of the divi- 
sor; and the result will be either the required quotient figr 
ure, or the next greater figure. Then, by making out a 

' subtrahend, as usual, you may know whether the quotient 
figure thus found is the right one or not ; and if it should 
prove to be too great, the next less figure will be the oite 
required. 

(8) 
157496)53277693607(338279 Quot. 
472488 \ 



602889 

472488 

1304013 
1259968 

440456 
314992 

1254640 
1102472 

1521687 
1417464 



104223 

In this example, the divisor contains six figures ; there- 
fore, in seeking each quotient figure, I reject the four right 
hand figures of the dividual, and find how many times the 
number expressed by the remaining figures contains the 
number expressed by the two left hand 'figures of the divi- 
sor, viz. 15. Thus, the first dividual is 532776 ; but I re- 
ject the four right hand figures, and the remaining part is 
53, which contains 15, (the two left hand figures of the di- 
visor,) 3 times. I set down 3 for the first quotient figure ; 
and then by making out a subtrahend as usual, I find that 3 
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is the right quotient figure. I then make out the 2d divid- 
ual; and by rejecting the four right hand figures of it, there 
remains 60, which contains the two left hand figures of the 
divisor 4 times. But, by making out a subtrahend, I find 
that the whole dividual does not contain the whole divisor 
4 times ; and therefore, instead of 4, I put down in the 
quotient the next less figure, viz. 3, which proves to be the 
right quotient figure. In like manner tlie other quotient 
figures are found. 

9. Divide 823547 by 2401. Quot. 343 Rem. 4 

10. Divide 282475249 by 1 17649. 2401 

11. Divide 10077698 by 1296. ^ 7776 2 

12. Divide 1249614 by 216. 64 

13. Divide 7836416937 by 46656 28521 

14. Divide 761858465 by 90001. .... 

15. Divide 119184693 by 38473 33812 

16. Divide 1306069 1016 by 279936 

CONTRACTIONS IN SIMPLE DIVISION. 

I. When there^are ciphers at the right hand of the di- 
visor ; cut off those ciphers from the divisor, and cut off 
the same number of figures from .the right hand of the div- , 
idend ; then divide the remaining part of the dividend by 
the remaining part of the divisor, as usual. If there is a 
remainder after the division, place the figures thus cut off 
from the dividend, to the right hand of it, and the whole will 
be the true remainder ; otherwise, the figures cut off will 
be the remainder.* 



*ThQ reason of (bis method of contraction is easy to conceive ; for 
cuttting off the same number of figures- from eacb, is the same as dividing 
by 10, or 100, or 1000, he according to^^lte nomber of figures cut off ; 
and it is evident, that as often as the whole divisor is contained in the 
whole dividend, so often must any part of the divisor, be contained in 
the like part of the dividend. This method is nsed to avoid a needless 
repetition of ciphers, which would happen in the common way, as may 
be seen by working one of the examples in the common way, without 
euttiDg off the ciphers. 
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EXAMPLES. 

1. Divide 48205 br 300. 2. Divide 7052708 by 25000. 

3,00)482,05 25,000)7052,708(282if^5Wo 
60 

Quot. leo^u 

205 
200 



50 



3; Divide 20408 by^. Ans. 24^. 2708 true rem. 
4. Divide 42140028 by 4900. Ans. 8600tHt 

Divisor. Dividend. Remainder. 

23000)1 1980964(Qiiotient.^20964. 

12500)43625000( ) 0. 

12000)14952847( ) 847. 

1000)1854326 ( ) 326. 

Note, — To divide any number by 10, or 100, 01* 1000, 
&.C. you have only to cut off as mahy of the right hand fig- 
ures of the dividend, as there are ciphers in the divisor ; 
then the remaining part of the dividend will be the quo- 
tient, and the figures cut off, the remainder ; which re"^ 
mainder being placed over the given divisor, and annexed 
to the quotient, will make it complete. 

So, 764-«-10=76A- 
And 1800^100=18. 
And 21507-«-1000=21tVW. 

II. When the divisor exceeds 12, and is the exact pr^ 
duct of two or more of the small numbers not greater than 
12; then, you may divide the dividend by one of those small 
numbers, or component parts of the given divisor ; and the 
quotient thence arising, by another of them, and so on to 
the last ; and the laet quotient will be the one required.* 

* This follows from the second contraction in Multiplica- 
tion, being only the converse of it; for the half of the third 
part of anything, is evidently the same as the sixth part of 
the whale ; and 10 of any other numbers. The reason of 
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Note 1. — When only the j/ir^i quotient has a remainder 
belonging to it, then this remainder will be the true or total 
remainder, the same as if the division had been performed 
all at once. But if there is any other remainder, then, to 
find the total remainder, proceed as follows : When only 
two divisors are used, multiply the last remainder by the 
first divisor ; to the product add the first remainder, and 
the sum will be the total remainder. When more than two 
divisors are used, multiply the last remainder by the divisor 
used for finding the next foregoing quotient ; to the pro- 
duct add the remainder, if any, belonging to that quotient ; 
then multiply the sum by the next foregoing divisor, adding 
in the corresponding remainder, if any, and so on through 
all the divisors to the first ; and the result will be the whole 
remainder required. After having found the total remain- 
der, you may place it over the given divisor, and annex the 
fraction to the quotient, as usual. 

EXAMPLES. ' 

1. Divide 48322 by 35. 

7x5=35 ; therefore I divide The total remainder is 

by 7, and then by 5 ; as fol- found thus : 
lows : 3=2d remainder. 

7)48322 7=lst divisor. 



5)6903 - - - 1 21 

-^ — +l=lst remainder. 

1380 - - - 3 — 

Complete quotient, or Ans. 1380ff. 22=total remainder. 



the method of finding the whole remainder from the sever- 
al particular ones, will best appear from the nature of Vul- 
gar Fractions. Thus, in the first example above, the first 
remainder being 1, when the divisor is 7,jfnakes i: this 
must be added to the second remainder, 3, making 3t to 
be divided by the second divisor, viz. by 5. But 3"f= 
3x7+1 22 ' 22 22 

— jT-— = — ; and this >divided by 5, gives ;^-^=«r» ^^^ 

value of the remainders. 



d by Google 
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2. Divide 97354 by 672. 10=last remainder. 

8x7x12=672; therefore I 7=next preced. divisor, 

divide by 8, then by 7, and — 

then by 12. 70 

8)97354 +3=2d remainder. 



7)12169 - - * 2 73 

— — « — 8=next preced. divisor. 

12)1738 - - - 3 



584 



144 - - - 10 -}-2=lst remainder. 

Ans. 144tff. -^ 

586=total remainder. 

Note 2. — To find out the component parts of a number 
greater than 144, proceed as follows ; viz. Find, by trial, 
whether any of fhe numbers between 1 and 13 wiH divide 
the given number without a remainder ; and if any of them 
will, then divide, and set down the quotient. Divide this 
i^uotient in like manner by some number between 1 and 13, 
if it can be done without leaving a remainder; and so pro- 
ceed, till you find a quotient less than 13. Then the several 
divisors and the quotient last found, will be the €omponent 
parts require^ ; that is, their product will be equal to the 
given number. Thus, it may be readily found that the 
given divisor in example 2d is divisable by 8, and the quo- 
tient thus obtained, by 7; then the last quotient will be 12, 
which being less than 13, the division need not be continued 
any farther. So, 8x7x12=672. 

3. Divide 5210015 by 81. Ans. 64321H. 

4. Divide 81799 by 96. Ans. 852^. 

5. Divide 538865 by 144. Ans. 3742f7T. 

6. Divide 52120 by 1728. Ans. 30fWV. 

, 7. Divide 2179045 by 252. Ans. 86472^2. 

APPLICATION OF DIVISION. 

A 

, Note. — When the value, or weight, &c, of any number' 
of articles is given, to find the value of each one of them, 
when they are all alike, or the average value of each, when 
tliey are unlike : Divide the value, &c. of the whole, by the 
number of articles, and the quotient will be the answer.* 

* Ttri^ rale is tbe converse of (hat given in the Note which precedef 
the practical Questions in Mulliplication ; and the reason ^ it is very 

^ I 
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EXAMPLES. 

1« What is the value of a pound of flour, if 24 pounds be 
worth 96 cents ? Here 96-«-24=4 cents, the Ans. 

2. If a farm containing 365 acres, be worth 8395 dollars, 
what is the value of each acre ? Ans. 23 dollars. 

3. A farmer butchered 25 hogs, which together weighed 
6525 pounds : what was the average weight of each hog? 

Ans. 261 pounds. 

4. The holy bible contains 1189 chapters. How many 
chapters must a man read in a day, to read the bible through 
in a year, or 365 days ? Ans. 3 VW chapters. 

5. The Hudson and Erie canal, in the State of New- 
York, is 363 miles long ; and the whole expense of making 
it was about 7260000 dollars : What was the average ex- 
pense for each mile? Ans. 20000 dollars. 

6. Supposing a man labors a year for 132 dollars ; how 
much has he a month ? Ans. 11 dollars. 

7. \S an estate, valued at 25340 dollars, be divided equal- 
ly <among 7 heirs, what will be the value of each portion? 

Ans. 3620 dollars. 

8« It is calculated that the number of square miles of 
land in the whole world is about fifty millions, s^d that 
the whole number of inhabitants is six hundred and fifty 
millions : What is the average number to each square mile 
of land! Ans. 13. 

9. A man intending to go a journey of 1200 miles, would 
comj^lete the same in 50 days : I demand how many miles 
he must travel each day? Ans. 24. 

QUESTIONS ON THE FOREGOING. 

1. What is division? 2. What is the dividend? divisor? 
quotient? 3. What is simple division ? 4. What is the first 
case in simple division ? 5. How are the dividend and di- 
visor to beset down? 6. How many figures of the dividend 
must be taken for the first dividual? 7.. Where is the first 
quotient figure to be placed? 8. What do you take for the 
second dividual ? 9. When the number thus formed is less 
than the divisor, how do you proceed ? 10. What is tJie 
second case? 11. How do you place the dividend and divi- 
sor in this case ; and where do you place the quotient, when 
found ? 12. Wheli you have found a quotient figure, how 
do you make out a subtrahend ; and from whet do you sub- 
tract it? 13. How then do you make ou| jic new dividual? 
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14. If, after annexing a figure to the remainder, it is still 
less than the divisor, how do you proceed ? 15. How do you 
perform division when there are ciphers on the right hand 
of the divisor ; and how do you find the true remainder ? 
16. How do you perform division when the divisor is a 
composite number; and how do you find the true or tot^l 
remainder? 17. How do you prove division? 18. When 
the amount or value of several articles is given, how do you 
find the average value of each? 

SUPPLEMENT TO MULTIPLICATION.* 

Note. — A Vulgar or Common Fraction^ is expressed by 
two numbers, placed one above the other, with a line be- 
tween them; as ^, f, ^c; the upper number being called 
the numerator^ and the lower number the denominator, — 
A mixed number,, is composed of a whole number aad a 
fraction ; as 4t, 7i, &c. ,, 

ProbLsm I. — To multiply ft whole number by a fraction. 

Rule. — Multiply the whole number by the numerator 
of the fraction, and divide the product by the denominator ; 
and the quotient will be the required product of the whole 
number and fraction. Whe^i the numerator of the frac- 
tion is 1, the answer will be found by merely dividing 
the whole number by the denominator of the fraction. 

examples. 

1. Multiply 425 by 3; 425 . 
Ihatis, findf of425. 2 * 

3)850 

Ans. 283J-. 

2. What is i of72? Here 72-i.4=18, Ans. 

3. What is the product of 34 and if? Ans. 26. 

4. What is i of 78? Ans. 31^ 

*Tbe rules wbleh are given in the Supplements to Mnitiplic&tion and 
Division, properly belong to Valgat Ft^effom ; but, as tbe learner will 
have occasion to use them before U« comes to (he secjlions on fractions, I 
tfaink it necessary to insert them here. Tbe reason of these rules u ill 
appear from tbe rules for the tnuttiplication and division of vulgar frac- 
tions. Digitized by CjOOgle 
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P&OBI.EM II. — To find the product of a whole number and 
a mixed number. 

Rule. — 1. Find the product of the whole numbers, by 
multiplying them together as usual. 

% Multiply the factor which is a whole number by the 
fraction belonging to the other factor, as in Prob.L; 
add the result to the product of the whole numbers, and, 
the sum will be the total product required. 

EXAMPLES. 

1. Multiply 271 by 7i. 

271 271 

7 3 

1897 Product by 7. 4)813 

203i Do. by f . 

_ 203i 

Ans.»2100i Do. by 7i. 

2. Multiply 84 by 12^^. Ans. 1050 

3. Multiply 262 by 23f . , Ans. 6235f 

4. Multiply 65f by 8. Ans. 522^ 

SUPPLEMENT TO DIVISION. 

To divide a whole number by a mixed number. . 

RULE. 

1. Multiply the integral part of the divisor by the de- 
nominator of the fraction, and take the sum for a new divi- 
sor. 

2. Multiply the dividend by the fraction belonging to the 
given divisor, and take the product for a new dividend. 

3. Divide the new dividend by the new divisor, and the 
quotient will be the answer sought. 

EXAMPLES. 

1. Divide 415 by 21 

Here 2x4+1=9, the new divisor ; and 415x4=1660, the 
new dividend. Then 1660-^-9=1 84 i, the Ans. 

2. Divide 630 by^f. Ans. 75. 

3. Divide 4518 by 125^ Ans. 36. 

4. Divide 140 by 5^. o,t.e..vGA^l.27ii 



PRACTICAL <1VI»$TI0NS« &0 

Practical Questions, to exercise the learner in the preced- 
ing rules. 

1. The population of the United States, in the year 1820, 
was 9625734; of which number, 7856369 were whites, 
238029 free blacks, and the rest slaves : What was the 
number of slaves? ^ ' Ans. 15314^. 

2. The number of slaves transported from Western Afri- 
ca in 25 years, ending in 1819, was stated to be such as 
would average 60000 a year : What was the whole number 
transported in that time ? Ans. 1500000. 

3. A bachelor, at his decease, left an estate worth 12426 
dollars; and, in his will, ordered, that 1000 dollars should 
be given to his niece, and the remainder divided equally 
between his two nephews. What was the share of each 
nephew? Ans. 5713 dollars. 

4. Thereare 16 bags of^coffee, each weighing 120 pounds ; 
and 8 bags more, weighing each 343 pounds : What is the 
weight of the whole ? , Ans. 4664 pounds. 

5. There is an excellent well built ship just returned from 
the Indies. The ship only is valued at 27140 dollars; and 
one quarter of her cargo is worth 75274 dollars : What is 
the value of the whole ship and cargo? 

Ans, 328236 dollars. 

6. I received of A B and C a sum of money : A paid me 
54 dollars, B paid me just three times as much as A, and 
C paid me twice as much as A and B both. Can you tell 
me how much money C paid me ? Ans. 432 dollars. 

7. What will 5^ tons of hay come to, at 14 dollars a ton? 

Avis. 77 dollars. 

8. If 320 rods make a mile, and each rod contains 5^ 
yards ; how many yards are there in a mile ? , 

Ans. 1760. 

9. Sold a ship for 7500 dollars, and I owned f of her : 
What is my part of the money? Ans. 5626 dollars. 

10. If the number 42 be multiplied by 12, the product 
divided by 3, the quotient increased by 32, the amount di- 
vided by 4, and 49 subtracted from the last quotient, what 
will then remain ? Ans. 1. 

Note. — Some Authors on Arithjpetic have given particu- 
lar rules for the Addition, Subtraction, Multiplication, and 
IM vision, of Federal Money , immediately after the rules for 
performing the like operations in whole numbers. I do 
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not think it would be useful to insert such rules in this part 
of the present Treatise, because the Federal currency is 
purely decimal^ and most naturally falls in after Decimal 
Fractions. If any instructor should think it advisable for 
his pupils to acquire a knowledge of the method of reckon- 
ing fn Federal money before they learn the rules of Reduc- 
tion and the succeeding rules which precede Decimal Frac- 
tions, he can direct them to omit those rules until they 
have gone through with the first four rules in Decimals and 
the succeeding section on Federal Money. 



REDUCTION, 

Is the changing of numbers from one name or denom- 
ination to another, without altering their value. This is 
chiefly concerned ill reducing money, weights, and meas- 
ures. 

When great names or denominations are brought into 
small, as pounds into ounces, feet into inches, &,c., it is 
called Reduction Descending. When small names are 
brought into great, as ounces into pounds, inches into feet, 
6lc., it is csAled Reduction Ascending. Reduction Descend- 
ing is performed by Multiplication, and Reduction Ascend- 
ing, by Division. 

Before proceeding to the rules and questions of Reduc- 
tion, it will be proper to set down the Tables of the de- 
^ nominations of money, weights, and measures. These ta- 
bles the learner ought to tommit to memory, as far as 
Table 16th, excepting the Supplemental Tables, which 
may be omitted. 



TABLES OF MONEY, WEIGHTS, AND MEASURES. 

1. Federal Money. 

10 Mills, (marked m.) make 1 Gent, c. 

10 Cents, . 1 Dime, • dm. 

10 Dimes, or 100 cents, 1 Dollar, D. or $. 

10 Dollars, 1 Eagle, ^ . , E. 



y Google 
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Supplement to Table 1st. 
f mills, c. ^ 

10= 1 dm. 
100= 10= 1 D. 
1000= 100= 10= 1 E. 
10000=1000=100=10=1 . 

Federal Coinsj or Coins of the United States. 



Names of the 


Value. 


Standard 


Federal Coins. 




Weight. 


Gold Coins. 


Dv c. 


Pwt. gr. 


Eagle, 
Half-Eagle, 


10.. 


11 .. 6 


5.. 


5.. 15 


Quarter-Eagle, 


3.. 50 


2 .. m 


Silver coins. 






Dollar, 


1.. 


17.. 8 


Half-Dollar, 


50 


8.. 16 


Quarter-Dollar, 


35 


4.. 8 


Dime,, 


10 


1 .. 171 


Half-Dime, 


5 


mt: 


CoppBR Coins. 






Cent, 


1 


8 .. 16 


Half-Cent, 




4.. 8 • 



Note. — The proportional value of gold to silver, in all 
coins current by law iir the United-States, is as 15 to 1 ; that 
is, 15 ounces of pure silver are equal in value to 1 ounce 
of gold. 

2. Sterling Money ^ and old Currencies of the several States, 

d. 



4 Farthings, (q.) make 
12 Pence, 
20 Shillings, 



1 Penny, 

1 Shilling, fi. 

^ 1 Pound, L. or 1. 

Supplement. 

q. d. 
4= 1 s. 
48= 12=1 L. 
960=240=20=1 

■p ' Digitized by CjOOQIC 
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Pence Table, 

d. s. d. d. s. d. d. s. d. 

20=1 .. 8 60=5 .. 100= 8 .. 4 

30=2 .. 6 70=5 .. 10 110= 9 .. 2 

40=3.. 4 80=6.. 8 120=10 .. 

50=4.. 2 90=7.. 6 

Note, — ^Farthings are usually written as fractional parts 
of a penny ; 1 farthing being i, 2 farthings i, and 3 far- 
things f of a penny. — People of business often write shil- 
lings at the left hapd of a stroke, and pence at the right ; 
thus, 15/4, is 15 shillings and 4 pence. 

3. Troy Weight. 

24 Grains, (gr.) make 1 Penny-weight, pwt. 

20 Penny-weights, 1 Ounce, oz. 

12 Ounces, 1 Pound? ' lb. 

Supplement. 

gr. pwt.. 
• 24= 1 oz. Note. — By this weight are 

480= 20^ 1 lb. weighed Gold^ Silver, Jewels, 

5760=240=12=1 Electuaries, and all liquors. 

4. Refiners^ Weight. 

24 Blanks, make 1 Perrot. 

20 Perrots, 1 Mite. 

20 Mites 1 Grain. 

Note I. — What Refiners call a Carat, is the 24th part of 
any quantity, or weight. 

Note 2. — The fineness of gold and silver is tried by fire. 
Gold that will abide the fire without loss, is accounted 24 
carats fine : If it lose 2 carats in the trial, it is said to be 
22 carats fine, &.c. A pound of silver which loses nothing 
in the trial is said to be 12 oimces fine; but if it lose 5 pen- 
ny-weights, itislloz. 15pwt. fine, &c. 

Note 3. — Alloy, or Allay, is some base metal with which 
gold or silver is mixed to abate its fineness.* 

* Gold and silver, in their purity I arc ao very' soft and flexible, that 
tJiey are not so useful, cither in coin or olhcrwise, (except to beat into 
Uaf g©ld orsilver,) as wifcn thry are allayed, or raixfd.and bardc»P(? 

Digitized by VjQOQ IC 
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5. Apoikbcaries* Weight. 

20 Grains, (gr.) make 1 Scruple, sc. or 3 

3 Scruples, 1 Dram, dr. or 3 

8 Drams, 1 Ounce, oz. or f 

12 Ounces, 1 Pound, lb. 

SapplemenU 
gT. sc. 

20= 1 dr. Note 1. — Apothecaries make use 

60= 3= 1 oz. of this weight in compounding their 

480= 24= 8= 1 lb. medicines ; but they buy and sell 

5760=288=96=12=1 their drugs by Avoirdupois weight. 

Note 2. — ^The Apothecaries' pound, ounce, and grain, 

are the same as the pound, ounce, and grain, Tioy. 

6. Avoirdupois Weight, 

The denominations of Avoirdupois weight are usually 
reckoned as follows : — 

16 Drams, (dr.) make 1 Ounce, oz« 

16 Ounces, ^ 1 Pound, lb. 

28 Pounds, ' 1 Quarter of a hundred weight, qr. 

4 Quarters, or 1121b., 1 Hundred weight, cwt. 

20 Hundred wt., or 22401b., 1 Ton, T. 

In some of the United-States, the denominations of 
Avoirdupois weight, are, by law, as follows : 

16 Drams =1 Ounce. 

16 Ounces =1 Pound. 

25 Pounds =1 Quarter of a cwt. 

20 Hundred wt. or 20001b. =1 Ton. 



with copper or brass— In England, (22 camts of pure gold aniJ 'Z carats 
of copper, melted together, is the standard ibr gold o9'n ; ili« ntloy be- 
ing onetvirelftb part of the nrixtare : and lloz 2pirL 9! I^iie silver 
melted with 18 pwt. of copper, is the standnrd fw slfvVr toiti . In the 
United* States, the standard for eold coin, is 1 1 |iar- 'I nitd 1 part 

alloy; the aUoy to be silver and copper miT^ed^ u> ikj; ofie ualf 

copper. The standard for silver coin, is )lS5pitru nn*^ r^wrr, hnd T"" 
parts alloy ; the alloy to be pure copper. TIil^ cupper corns ai Ihe UnM 
States are to be pore copper. ^^ , 

^ "^ Digitized by CjO^gle 
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Supplement 

If a quarter of a cwt. be 28 pounds ; then, 

dr. oz. 
16= 1 lb. 
256= 16= 1 qr. 
7168= 448= 28= 1 cwt. 
28672= 1792= 112= 4=1 T. 
573440=35840=2240=80=20=1 

If 25 pounds make 1 quarter of a cwt.; then, 
dr. oz. 

16= 1 lb. 
256= 16= 1 qr. 
6400= 400= 25= 1 cwt. 
25600= 1600= 100= 4= 1 T. 
512000=32000=2000=80=20=1 

Note 1. — In the examples given in this Work, 1 quarter 
of a cwt. is allowed to be 28 pounds, and the higher denom- 
inations of Avoirdupois weight are reckoned accordingly, 
excepting where it is otherwise mentioned in the question. 

Note 2. — By Avoirdupois weight are weighed all coarse 
and bulky articles ;such as provisions, groceries, hay, &c. 
and all metals except gold and silver. 

Note 3. — The Avoirdupois pound is heavier than the 
Troy pound ; but the Avoirdupois ounce is lighter than 
the Troy ounce. 144 pounds Avoirdupois are equal to 
175 pounds Troy; and 192 ounces Avoirdupois, to 175 
ounces Troy. Therefore, 1 lb. Avoirdupois is equal to 
7000 grains, or lib. 2oz. llpwt. 16 gr. Troy; and 1 lb. 
Troy is equal to 13 oz. 2141 dr. Avoirdupois. 

Note 4. — There are some other denominations in Avoir- 
dupois weight, which are made use of in many places, in 
weighing some particular kinds of goods, &c., viz. the fol- 



lowing: lb. | 


lb. 


A barrel of flour is 196 


A faggot of steel is 120 
A gallon of train oil is 7i 


Do. of pork is 200 


Do. of beef is 200 


A stone is 14 


Do. of gunpowder is 112 


A todd is 2§ 


A quintal of fish is 100 


A weigh ia ' 182 


A fother oflead is 


A sack -fe 364 


19^ cwt. or 2184 


^. A .last is .g,;^-, ,; Goog*368 
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7. Long Measure, 




3 Barley corns (b. c.) make l' Incli, 


in. 


12 Inches, 1 Foot, 


ft. 


3 Feet, 1 Yard, 


yd. 


3A Feet, - 1 Pace, 


pac. 


6| Yards, or 16} feet, or > -J Rod, Perch, or 
5 Paces, i ^ ( Pole, 




rd. 


40 Rods, ^ 1 Furlong, 


fur. 


8 Furlongs, or 3Sto rods, 1 Statute Mile, 


m. 


69§- Statute miles, 1 Degree on theEarth, 


deg. 


300 Degi;ees,or 2491 2 m.=The circumference of theEarth.* 


Supplement 




b. c in. 




3= 1 ft. 




36= 12=^ 1 yd. 




108= 36= 3= 1 rd- 




594= 198= 16i= 5J= 1 fur. 




23760= 7920= 660= 220= 40^1 m. 




190080=63360=5280=1760=aW=8=l 





Note 1. — The use of Long Measure, is to measure the 
distance of places, or any thing where length is considered 
without regard to breadth. ; 

Note 2. — Distances are frequently measured by a chain, 
4 rods, or 66 feet long, containing 100 links. In measuring 
the height of horses, 4 inches make 1 hand. In measuring 
depths, 6 feet make 1 fathom. ^ 

8. Cloth Measure. \ 

2i Inches, (in.) make 1 Nail, na. 

4 Nails, or 9 inches, 1 Quarter of a yard, qr. 

4 Quarters, or 36 inches, * 1 Yard, yd. 
3 Quarters, 1 Flemfsh Ell, Fl. e. 

5 Quarters, - 1 English Ell, E. e. 

6 Quarters, 1 French £ll, Fr. e. ^ 



* In thia Work, where calculations are made which have any relation 
. to the maguUude of the earth, its cir<!uinference is supposed to be 2491'i 
American or English miles, and its diameter 7930 mites. % 

F2 ^ 
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Supplement. 

na. qr. 
4=1 yd. 

16=4=1 Note. — By this measure, are 

13=3= 1=1 Fl. e. measured cloth, tapes, &.c. 

20=5=11=1 E. e. 
24=6=U=1 Fr. e. 

9, Superficial^ or Square Measure. 

144 Square Inches, (sq. in.) make 1 Square Foot, sq.ft. 

9 Squarp Feet, 1 Square Yard, sq. yd. 

30} Square Yards, or > I ( Square Rod, 

2721 Square Feet, \ ( Perch,orPole, sq.rd. 

40 Square Rods, 1 Rood, • R. 

4 Roods, or 160 square rods, 1 Acre, * A. 

640 Acres, 1 Square Mile, sq. m. 

Also, 

10000 Square Links, or ) ^^^^ j g „^ ^hain. 
16 Square Rods, ) * 

10 Square Chains, 1 Acre. 

iS400 Square Chains, 1 Square Mile. 

Supplement^ 

sq. in. ^ sq.ft. 

144= 1 sq.yd. 
1296= 9= 1 sq. rd. i 

39204= 2721= 30|= 1 R. f 
1568160=10890=1210= 40=1 A. 
6272640=43560=4840=160=4=1 

Note. — This measure is usecl to ascertain the quantity of 
any surface, or any thing which has length ' and hreadth, 
without regard to thickness ; as the floor of a room, or a 
piece of land, &.c. The length and breadth being multi- 
plied together, to make the area, or superficial content. 
Hence, 144 square inches make 1 square foot; because 12 
inches in length multiplied by 12 inches in breadth, gives 
144 square inches ; and so of the other denominations. 

" Digitized by VjOOQ IC 
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10. Solidy or 6ubic Measure, 

1728 Cubic Inches, (c\ib. in.) make 1 Cubic Foot, cub. ft. 
27 Cubic Feet, ^ 1 Cubic Yard, cub. yd. 

40 Feet of round timber, or > ^ ^ t j rr. 

50 Feet of hewn timber! ] 1 Ton or Load, T. 
128 Cubic Feet of wood, ^ ICord, Cd. 

Note, — This measure is used to £iscertain the quantity of 
any ^lid, or any thing which has length, breadth, and thick- 
ness ; and to regulate all measures of capacity, of whatever 
form. A solid or cubic foot contains 1728 cubic inches ; 
because it is 12 inches long, 12 inches broad, and 12 inch- 
es thick, and 12x12x12, or the cube of 12, is 1728. 

f 
11. Wine Measure. 



4 Gills, (gil.) make 


1 Pint, 


pt. 


2 Pints, 


1 Quart, 


qt. 


4 Quarts, 


1 Gallon, 


gal. 


3U Gallons, 


1 Barrel, 


bar. 


42 Gallons, 


1 Tierce, 


tier. 


2 Barrels, or 63 gal.. 


1 Hogshead,* 


hhd. 


2 Hogsheads, or 4 bar.. 


1 Pipe, or Butt, 


p. or b. 


2 Pipes, f 


1 Tun, 


Tun. 


Supplement. > 




gil. pt. 






4= 1 


qt. 




8= 2^ 


1 gal. 




32= 8= 


4= 1 bar. 





1008=252^:126=31^=1 
Note, — In the United-States, the ordinary measure for 
ajl liquids is Wine Measure. A gallon of this measure 
contains 231 cubic inches. 

■ 12. Ale and Beer Measure. 

2 Pints make 1 Quart. 
4 Quarts, 1 Gallon. 

36 Gallons, 1 Barrel. 

3 Barrels, "» 1 Butt. 
2BQtt8, 1 Tun. 

* lo (he Uoited Sttles, a hogshead is ao determinate-quaniiiy. 
•that are called hogsheads, u£uatty^hold more than 100 gallons. 

-iigitized by VjOOQIC 



to 



REDUCTION. 



Note, — This measure is used, in some places, for beer and 
some other liquids. A gallon of this measure contains 282 
cubic inches. ^ 



13. Dry, or Corn Measure. 



2 Pints, (pt.) m»ke 
4 Quarts, 

8 Quarts, or 2 gal., 
4 Pecks, 
36 Bushels, 



1 Quart, 

1 Gallon, 

1-Peck, 

1 Bushel,* 

1 Chaldron of coal. 



qt. 

gal. 

pk. 
bu^sh.' 
Chal. 



Supplement, 

pt. qt. 

2= 1 gal. 

8= 4 = 1 pk. 
16= 8 = 2 = 1 bush. 
64=^32 = 8 = 4=1 

Note, — This njeasureis used for corn, seeds, fruit, roots, 
"salt, coals, oysters, <Sdc. — Corn, seeds, salt, &,c. are meas" 
ured by striked measure ; but fruit, roots,' coals, oysters, 
Ajc*, are heaped to a handsome rounding* measure.--A gallon 
of this measure, contains 268f^, or»268.8 cubic inches ; and 
a bushel contains 215(>f, or 2150.4 cubic inches. 



14. Ti 

60 Seconds, (sec.) make . 


me* 
1 Minute, 


min. j 


60 Minutes, 


1 Hour, 


h. 


24 Hours, 


IDay, 


da. 


7 Days, 


1 Week, 


^w. 


52 Weeks and 1 day, or ) 
365 Days, J 


1 Common Year, 


yr- 


3651 Days, 


1 Julian Year. 




365 Days, 5h. 48min. 488ec.= 


1 Solar Year. 


' 


100 Years, 


1 Century. 





Note 1.— The Solar year is the true length of a year, or the 
time in which the Sun passes through the 12 signs of the 
Zodiac.' The Julian year takes its name from Julius Cassar, 
who ordered that 3 civil years in every 4 should consist of 

• In EnglanU, 8 bnshels are eqaal lo 1 quarter ; 6 qatfrters,' (9 1 irey ; 
2 wey5, or 10 quarters, lo 1 l«t. ^ ^^,^^^ .^Google 
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355 days each, and every fourth year, of 366 days ; which 
made the average length of each civil year 366i days, or 
365 days, 6 hour^. Each year of 366 4f^ys, was denomin- 
ated Bissextile or Leap year, and the other years were 
called common years. This method of computing time is 
still in use ; but as the true length of a year is 11 minutes 
and 12 seconds less than 365 J days, when the new style, or 
method of reckoning time, was adopted in England, in the 
year 1752, it was determined that three leap years in every 
four succeeding centuries should be reduced to common 
years; which will very nearly balance the error in the for- 
mer mode of reckoning. 

Note 2. — By the calendar the year is divided into 12 
months, as follows : 

1st Month, January, hath 31 days. 

2d Month, February, 28 or 29. 

3d Month, March, - 81 

4th Month, April, 30 

5th Month, May, 31 

6th Month, June, 30 

7th Month, July, 31 

8th Mon^h, August, 31. 

9th Month, September, 30 

10th Month, October, ' 31 

11th Month, November, 30 

12th Month, December, 31 

In leap years, February has 29 days ; in other yeara only 
28. 

The number of days in each month may be known by 
committing to memory the following lines : 

The ninth, fourth, eleventh, and sixth. 
Have thirty days to each affix'd. 
And every other thirty-one. 
Except the second nfonth ^one. 
Which has but twenty-eight, in fine. 
Till leap year gives it twenty-nine. 

Or the following : 
r Thirty days hath September, 

April, June, and November ; 
All tha rest have thirty-one, n^r^niVr> 

^ Digitized by V^OOQIC . 
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Except February alone, 

Which h^th four and twenty-four, 

And ev^y.- fourth year one day more. \ 

Note 3. — To know whether any given year is leap year, 
or not ; divide the year of our Lord by 4, and if the divis- 
ion terminates without a remainder, it is leap year ; other- 
w^ise it is a common year; But, when the number of years 
has two or more ciphers at the right hand, then you must 
reject two ciphers at the right hand, before you divide by 4. 

15. Circular Measure^ or Motion, 

60 Seconds, ( " ) make 1 Minute, min., or ' 

60 Minutes, 1 Degree, deg. or ^ 

30 Degrees, 1 Sign, S. 

ioGi:.,«« r.^^£\£\ A^r^^^^c i The whole great circle of 
12Signs, or 360 degrees,= J ^^^ ^odilc. 

Note 1. — This -^ table is used by Astronomers, Naviga- 
tors, &c. 

Note % — The circumference of every circle is supposed 
to be divided into 360 equal parts, called degrees; each 
degree into 60 equal parts, called minutes ; each minute 
into 60 seconds, and each second into 60 thirds, &c. 

16. Of Particulars, 

12 Particular things make 1 Dozen, Doz. 

20 Do. 1 Score, 

12 Dozen, 1 Gross, 

12 Gross, or 144 dozen, 1 Great Gross. 

17. Paper, 

24 Sheets of paper make 1 Quire. 

20 Quires 1 Ream. 

10 Reams, or 20(iqmres, 1 Bale. 

18. Books. 

A sheet of paper folded into * 

2 leaves, is called Folio, Fol. 

4 do. Quarto, 4to.- 

8 do. Octavo, ' 8vo. 

12 do. • Duodecimo, (^OOqI'^"^^* 
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The smaller books are called 18's, 24's, 32' s, &c. ac- 
cording to the number of leaves in a sheet. 

19. ^ftke Moneys of various foreign countries. 

Of France* 
Accounts were formerly kept in France in Livres, Sols 
or Sous, and Deniers. 

12 Deniers, or'^pence,=l Sol, or shilling. 
20 Sols, or shilling8,=l Livre, or pound. 
" Note 1. — A livre is equal to 18i- cents, or $ .185. 

Tl\p present money of account in France is Francs, and 
Centimes or hundredths. 

10 Centimes= 1 Decime. 

100 Centimes, or 10 decimes,= ' 1 Franc. 
80 Francs= 81 Livres. 

Note 2. — In the United-States, the franc is usually es- 
timated at 18?^ cents, or $ .1875, and the five franc pieces 
at 93f cents. 

Of the Netherlands. 

Accounts are kept here in Guilders, Stivers, Grotes, and 
Phennings. 

8 Phennings, make 1 Grote. 

2 Grotes, . > 1 Stiver. 

20 Stivers, 1 Guilder, or Florin. 

Note. — A guilder is=40 cents. 

Of Spain. \ 

Accounts are kept in Spain in Piastres, Rials, and Mar- 
vadies. 

34 Marvadies, make 1 Rial. 

8 Rials, 1 Piastre, or piece of eight. 

Note. — There are two kinds of money in Spain; viz. 
money ofvellon^ or current money, and money of plate, or 
hard money. Plate money is more valuable than vellon, 
in the ratio of 32 to 17. Thus, 17 rials of plate are equiv- 
alent to 32 s^ls vellon ; and so of the other denominations 
of money. In the United-States 1 rial of plate=10 cents, 
and 1 rial veHon=5 cents. 

Of Portugal. 

Tji Portutjfal arrounls are kept in Reas and Milreas, 1000 
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reas being equal to one milrea. — In the United-States, a 
milrea is valued at $1.24. 

English gold and silver Coins, with their full weighty and 
value. t 





Value in 


Value in 


Wei 


ght. 


Gold Coins. 


sterling mon. 


fed. mon. 








L. s. d. 


$ c. 


pwt. 


gr- 


A Sovereign, 


i .. .. 


4..44i 


5.. 


3i 


A Guinea, 


1 .. 1*0 


4.. 66f 


5.. 


9} 


Half-Guinea, 


10.. 6 


2.. 33i 


2.. 


16J 


Quarter do., 


5.. 3 


1 .. m 


1 .. 


s^ 


Seven Shillings, 


7 .. 


1 .. 551 


1 .. 


m 


Silver Coins. 










A Crown,* 


5.. 


1 .. IH 


19.. 


Sk 


Half-Crown, 


2.. 6 


55i 


9.. 


l^\ 


Shilling, 


1 ..0 


22* 


3.. 


21 


Sixpence, 


^ 6 


lU 


1 .. 


22i^ 


* l^ke crown passes in the U. S. at 1 dollar and 10 cents, 


and the half-crown at 55 cents. 




Gold Coins of other foreign countries. 






Value. 


Weight. 




X 


$ c. 


pwt. gr. 




Johannes, or Joe, 


16.. 


18.. 




Half do., ' 


8.. ^ 


9.. 


/ 


Doubloon, 


14 .. 93i 


17.. ^ 




Moidore, 


6.. 


6.. 18 


1 


Spanish Pistole, 


3 .. 77i 


4.. 6 


1 


French Pistole, 


3 .. 66f 


4.. 4 




French Guinea, 


4.. 60 


5.. 5 




Louis d'or, 


4.. 44i 






Silver Coins, ^-c. 


- 


Cents. 




Cents. 


French Crown, =110 


Ruble of Russia, 


= 100 


Spanish Dollar, 100 


Piastre of Tiykey, ^ 


Pistareen, 18 


Sequin of Arabia, 


ie>4 


Rix-doUar of Sweden, or 


Pagoda of India, 


184 


Denmark, , 100 


Rupee of Bengal, 


50 


Mark Banco of Hamburgh,' 33i 


Tale of China, 


148 








D 
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Note 1. — The values of some of the foreign coins often 
vary, according to the rate of exchange. 

Note 2.— The Act of Congress of April 29, 1816, regu- 
lating the currency within the United-States of the gold 
coins of Great-Britain, France, &c. enacted. 

That, of the gold coins of Great-Britain and Portugal, 
27 grains=$l, or 1 pwt.=88| cents ; 
Of France, 27i do. = do. =87+ do. 

Of Spain, 28^ do. = do. =84 do. 

Crowns of France, weighing 449 grains,=110 cents, or 
1 oz.=l 17 cents. 

Five franc pieces, weighing 386 grains,=93.3 cents, or 
1 oz.=116 cents. 

The Spanish dollar, weighing not less than 415 grains,= 
1 Federal dollar. 

Note 3". — The standard price of gold in England, is 3/. 
17s. 10H« an ounce, and of silver 5s. 2d. an oz. The stan- 
dard coin of France is to contain one-tenth of alloy, and 
the standard value of gold to silver is 15 to 1. 

20. Weights and Measures of several foreign cities and 
nations J compared with the American Weights and 
Measures. 



Weights. 



lb. American lb. 

100 of England, Scot- 
land and Ireland, =100 '. 
100 of Amsterdam, Pa- 
ris, Bordeaux,&c. 109 . 



100 of Antwerp, 
100 of Lyons, 
100 of Rochelle, 
100 of Marseilles, 
100 of Geneva, 
100 of Hamburgh, 



104.. 

94.. 
110 . 

88.. 
123.. 
107.. 



oz. 

. 

8 
3 
3 
9 
11 
[ 



lb. American lb. oz. 
100 of Russia,= 88.. 4 
100 of Vienna, 123.. 
100 of Genoa, 73.. 
100 of Leghorn, 77.. 4 
100 of Venice, 65 .. 
100 of Naples, 64 ., 
100 of Portugal, 77., 
100 of Spain, 97. 
A Spanish Arrobe,24 



4 A Russian Pood, 35 , 



11 
10 
4 

4 
8 



Measures. 



100 Aunes or Ells of England, 

100 e^f Holland, 

G 



American yardg. 
- = 125 
75 
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American yards, 
100 Aunes or Ells of France, - - - = 138^ 

100 of Hamburgh, and Frankfort, 62^- 

100 of Geneva, - - - 124f 

100 of Sweden, . - , 65f 

100 Metres of France, - - - - - \109i+ 
100 Canes of Marseilles and Montpelier, - ' - 21 4i' 

100 : of Genoa, of 9 palms, - - - 245i 

100 of Rome, .... 227i 

100 Varas of Spain, - - - - 93f 

100 of Portugal, - - - - 123 

100 Cavidos of Portugal, .... 75 

100 Brasses of Venice, - - - . 73^ 

100 of Florence and Leghorn, - - 64 

1 English mile=l American mile, - - 1760 
. 1 Scotch mile, .... 1984 

1 Irish mile, - - - . 2240 

1 German mile=4 American miles, - - 7040 
1 Dutch and Polish mile=3t American miles, 6160 
1 Swedish and Danish mile=5i American miles, 9680 
1 Spanish league=3f American miles, - - 6453^ 
1 French league=2f American miles nearly. 
1 Russian verst=f of an American mile, .1320 

11 Irish miles=14 American miles. 
30 Scotch miles=31 do. 

121 Irish acres=196 American and English acres. 
48 Scotch acres=61 do. nearly. 
1 French ar 6=119.6046+ American square yards^ 
607 French ares=15 American acres, nearly. 

21. Ancient Measures,, Weights^ and CoinSf ineTitioned in 
the Bible, and in the writings of Josephns. 

MEASURES OF LENGTH. 





American ft* 


in- 


A cubit, the standard, 




= 1 . 


9 


A zereth, or long span, 


— i of a cubit. 


= 0. 


10^ 


A short span 


= i do. 


= 0. 


7 


A hand's breadth 


= i do. 


= 0.. 


3i 


A thumb's breadth 


= rV do. 


^0. 


H 


A finger's breadth 


= 8^ do. 


= 0.. 


i 


A fathom 


= 4 cubits, 


= 7., 
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American ft. 


in 


Ezekiel's canneh, or reed, 


= 6 cubits, = 10 . 


.6 


Arabian canneh, or pole, 


= 8 do, =14. 


.0 


A schaenus,* line, or chain, 


= 80 do. = 140 . 


.0 


A stadium, or furlong. 


= 400 do. =700. 


.0 


A sabbath-day's journey 


= 2000 do. =3500. 


.0 


A day's journey 


= 96000 do. = 168000 . 


.0 


A mile 


= 4000 do. = 7000. 


.0 


A parasang 


= 12000 do. = 21000 . 


.0 



MEASURES OF CAPACITY. 



Measures of liquids. 

Wine pints. 
A homer, or cor, = 605.3 
A bath=iV of a cor = 60.5 
A hin=-eV do- = 10.1 
A log=yio do. = .8 
A firkin = 7.2 



Measures of things dry. 
Dry pints. 
A homer = 513i6 

A lethech=J homer = 256.8 
An ephah=iV do. = 51.4 
A seah=3V do. = 17.1 
An omer, or 
Assaron=il5^ do. = 5.1 



A cab=ri 



<lo. 



2.9 



WEIGHTS. 



A shekel 

A maneh=60 shekels 

A talent=3000 do. 



Troy wt. Avoirdupois 

lb. oz. lb. 02. 

= 0.. 0.455= 0.. i 

= 2.« '3.321= 1 .. 14 

=113.. 10.071 =93.. 12 



wt. 



MONEY. 



A shekel of silver 

A bekah 

A zuza 

A gerah 

A taneh, or mina, 

A talent of silver 

A shekel of Gold 

A talent of Gold 

A piece of silver (drachm) 



^ ^shek. = 
= i do. = 
= A- do. = 
= 60 do. = 
=3000 do. 

=3000 shek. 



0.507 

.253 

.127 

.025 

= 30.41f 

= 1520.83i 

8.51i 

=255331 

.144 



* The schaenns was the E^iyplian line for land measure used to divide 
inheritances: they were of diffi'rent lengths, but the shortest and most 
(iseful was'80 cuhits. 
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Tribute money (didrachm) 


= 2 drac. = 


$ 

.287 


A piece of silver (stater) 


= 4 do. = 


.574 


A pound (mina) 


= 100 do. =: 


14.352 


A penny (denarius) 


= 1 do. = 


.144 


A farthing (assarj^m) 


= t/o do. =^ 


.007 


A farthing (quadrans) 


= iV do. == 


.004 


A mite 


= A do. = 


.002 



REDUCTION DESCENDING. 

RULE.;^ 

1. When the given quantity consists of several denom- 
inations; multiply the number of the highest denomination 
by the number of units which it takes of the next lower de- 
nomination to make 1 of that higher ; add to the product the 
given number, if any, of this lower denomination, and set 
down the amount. In like manner reduce this amount to 
the next lower denomination, adding in the given number, 
if any, of this denomination ; and so proceed until the given 
quantity is reduced to the denomination required. 

2. When the given quantity is of one denomination only ; 
then it may be either reduced gradually from one denomin- 
ation to another, as directed above ; or, it may be reduced 
at once to the denomination required, by multiplying it by 
the number of units which 1 of the denomination given 
makes of that required. The multipliers to be used in 
working by the latter method, will be found in the Supple- 
mental Tables. 



* The reason of this rule is very evideot : For inslaoce, the reduction 
of Steriiog Money, as I pound is eqnal to 20 shillings, 1 shilling to VZ 
pence, and 1 penny to 4 farthings ; therefore, pounds are reduced \o 
shillings by multiplying them by 20, shillings to pence by multiplying 
by 12 ; and pence to farthings by multiplying hy 4 ; and the contrary by 
division : and this reasoning Will hold true in the reduction of numbers 
eonsi&ting of any denominations whatever. The rule for Reduction As- 
cending Is simply the reverse of tbis^ and equally evident. 
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1. Reduce 27/. 
Operation. 
L. s. d. 
27 .. 14 .. 6 
20s.=lZ. 

540 
14 

554 s. 
12d.=ls. 



6654 d. 
4q.=ld. 



2661 6q. Ans. 



EXAMPLES. 

Money. 
14 s. 6d. to farthings. 

Explanation. — Here, because 20 shil- 
lings make 1 pound, I multiply the 27 
pounds by 20, to bring them into shil- 
lings ; and the product is 540 shillings, 
to which I add the 14 shillings of the giv- 
en sum, and the amount is 554 shillings. 
Then,, as 12 pence make 1 shilling, I 
multiply those 554 shillings by 12, to 
reduce them to pence, and the product is 
6648 pence, to which I add the 6 pence 
of the given sum,- and the amount is 6654 
pence. Then, as 4 farthings make 1 pen- 
ny, I multiply those 6654 pence by 4, to 
reduce them to farthings, and have 26616 
farthings ; and there being no farthings 
to add to these, the work is done. So 
the answer is 26616 farthings. 



2. Reduce 498 Z. to pence. 
L. 



498 
240 d. 

19920 
996 



Here, the given quantity, or sum, is of 

=1Z. oue denomination only ; and because 240 

pence make 1 pound, I multiply the 498 

pounds by 240, to reduce them to pence, 

and have 1 19520 pence for the answer. 



1 19520 d. Ans. 

N. B. The number of pence in a pound may be found in 
the Supplement to Table 2d. 

Note. — In reducing quantities which consist of several 
denominations ; when the numbers of the lower denomina- 
tions are small, they may be added in mentally, (J. e. in the 
" mind,) in multiplying ; as in the next example. 

G2 
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3. Reduce 4/. 17 s. 4d. to pence. 

L. s. d» 

4 .. n .. 4 Here, in multiplying the 4 pounds by 

20 20, 1 add in the 17 shillings ; and, in mul- 

— ^ tiplying the 97 shillings by 12, 1 add in 

97s. the 4 pence. 

12 

1168d. Ans. 

4. Reduce 3U. lis. lOd. Iq. to farthings. 

Ans. 30329 q, 

5. Reduce 64 Z. Os. 7d. to pence. Ans. 15367 d- 

6. In 18s. 9d. how many pence, and farthings? 

Ans. 225 d., 900 q. 

7. In 48 guineas, each 21 shillings, how many shillings 
and pence? Ans. 1008s., 12096 d. 

Note, — From the foregoing Rule, and the first Contrac- 
tion in Simple Multiplication, it appears that Federal Mon- 
ey may. be reduced from higher . to lower denominations by 
annexing as many ciphers as ther£ are places from the de- 
nomination given to that required ; or, if the given sum be 
of different denominations, by annexing the several figures 
of all the denominations in their ofder, and continuing with 
ciphers, if necessary, to the denomination required; as in 
the following examples. 

8. In 5 dollars how many cents ? 

Here, 5x100=500 cents, the Ans. 
Or, annexing two ciphers to the number of dollars,( which 
is the same as multiplying by 100*) gives 500, the number of 
cents, as before. 

9. In 4 dollars, 8 dimes, how many dimes? 
Annexing the 8 dimes to the 4 dollars (=40 dimes) gives 

48 dimes for the answer. 

10. Reduce 7 eagles and 5 dimes to cents. 

Ans. TO50c. 

11. Reduce 14 dollars, 2 dimes, to mills. 

Ans. 14200 m. 

12. Reduce 8 dollars and 4 cents to cents, Ans. 804 c. 
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Troy Weight. 

13. Reduce 31b. lOoz. 12pwt. to penny-weights, 
lb. oz. pwt. 

3 .. 10 .. 12 Here, in multiplying the 31b. by 12, 

12oz.=llb. to reduce them to ounces, I add in the 

— 10 ounces; and in multiplying the 46 oz. 

46 oz. by 20, to reduce them to penny-weights, 

20pwt.=l oz. I add in the 12 penny-weights, 

932 pwt. Ans. 

14. Reduce 41b. 7oz. Opwt. 8gr. to grains. 

Ans. 26408 gr. 

15. In 8oz. how many grains ? 

1 oz.=480 grains ; therefore 480x8=3840 gr. the And. 

Apothecaries^ Weight, 

oz. dr. sc. 

16. In 6oz. 4dr. 1 sc. 6 .. 4 .. 1 
how many scruples? 8dr.=loz. 

52 dr. 
3sc.=idr. 

Ans. 157 scruples. 

17. In 91b. 8oz. Idr. 2sc. lOgr. how many grains ? 

Ans. 55799 gr. 

Long Measure. 

18. In 42 miles, 5 furlongs, m. fur. rd. 
8 rods, how many rods? 42 .. 5 .. 8 

8fur.=lmile, 

341 

40rd.=lfur. 



Ans. 13648 rods. 
19. Reduce 5 leagues, 2 miles, 4 furlongs, to rods. 

Ans, 5600 rd, 
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20. In 18 rods, 2 yards, how many yards ? 
rd. yd. 

2)18 .. 2 Here the multiplier contains 

5 J yd.=l rd. a fraction, and I perform the 

multiplication according to the 

9=} of 18 rd. rule for Prob. 2d in the Supple- 

90 ment to Simple Multiplication. 

99 

+3 

101yd. Ans. 

21. Reduce 22 rods to feet. Ans. 363 ft. 

22. Reduce 2 miles, 7 fur. 30 rd. to feet. Ans. 15675 ft. 

23. Reduce 1520 miles, 1 fur. 36 rd. 1yd. to yards. 

Ans. 2675619yd. 

24. How many barley-corns will reach round the earth, 
supposing its circumference to be 24912 miles? 

1 mile=:190080b.c.; therefore, 24912x190080= 
4735272960b. c. the Ans. 

t Cloth Measure, 

25. Reduce 4 yards, 3 qr. to quarters. Ans. 19 qr. 

26. Reduce 75 English ells to nails. Ans. 1500 na. 

27. Reduce 39 French ells to inches. Ans. 2106 in. 

Square Measure, 

28. In 29 acres, 3 roods, 19 square rods, how many 
square rods?- Ans. 4779. 

29. In 5 square yards, 8 sq. feet, 140 sq. inches, how 
many square inches ? Ans. 7772. 

30. The area of the State of Connecticut is about 4764 
square miles : reduce these to acres. Ans. 3048960 A. 

31. St. Peter's church, (so called,) in the city of Rome, 
is 730 feet long, 520 wide, and 450 high; and it occupies 
about 8 acres and 2 roods of ground : Reduce these acres 
and roods to square feet. 

8 acres, 2 roods,=34 roods ; and' 1 rood=10890 square 
feet: Hence, 10890x34=370260 sq. ft. the Ans. 

Cubic Measure, 

32. In 5 cords and 47 cubic feet of wood, how many cu- 
bic feet ? Ans. 687. 
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33. Reduce 2 cords to cubic inches. Ans. 442368. 

34. Reduce 15 tons of round timber to feet. Ans. 600. 

Wine Measure. 

35. In 5 gallons, 2 qt. 1 pt. of wine, how many gills? 

Ans. 180. 

36. It is said that 20000 pipes of Port wine are annually- 
exported from Oporto in Portugal ; how many pints are 
in that quantity ? Ans. 20160000. 

37. How many pint bottles may be filled from a hogs- 
head of cider? Ans. 504. 

38. How many half gills in a gallon ? Ans. 64. 

Dry Measure, 

39. Reduce 75 bushels, 3 pecks, to quarts. Ans. 2424. 

40. Reduce 4 busbels and 1 quart to pints. Ans. 258. 

41. Reduce 10 chaldrons to bushels. Ans. 360. 

Time. 

42. How many seconds in a solar year ; it being 365 
days, 5 hours, 48 min. 48 sec. ? Ans. 31556928. 

43. The time which elapses between two successive 
changes of the Moon, (called a synodic revolution of the 
Moon,) is, at an average, 29 days, 12 hours, 44 min. 3 sec: 
How many seconds are in that time ? Ans. 2551443. 

44. Reduce 52 weeks to days. Ans. 364. 

45. Reduce 8 years to calendar months. Ans. 96. 

46. In 18 centuries and 31 years, how many years? 

Ans. 1831. 

47. How many days from the birth of Christ to Christ- 
mas, A. D. 1832, allowing each of the 1832 years to consist 
of365i days? Ans. 669138. 

Circular Measure. 

48. The Moon moves each day, at an average, through 
13° .. 10' ., 35" of the Zodiac : Reduce these degrees, &c. 
to seconds. Ans. 47435. 

49. Reduce 9 signs, 13° .. 25' to seconds. 

Ans. 1020300. 

50. Reduce 5 degrees and 48 sec. to seconds. 



8® REDUCTION ASCENDING. 

REDUCTION ASCENDING. 

! RULE. 

Divide the given quantity by the number which it takes 
of that denomination to make 1 of the next higher, and the 
quotient will be of the said higher denomination, and the 
remainder, if any, will be of the same denomination as the 
dividend. In like manner reduce the quotient, thus found, 
to the next higher denomination,setting down the remainder, 
if any ; and so proceed until the quantity is reduced to the 
denomination required : then, the last quotient, together 
with the several remainders, (if any,) of the lower denom- 
inations, will be the answer. 

Or, instead of reducing the given quantity gradually from 
one denomination to another, as directed above, you may 
divide it by a number which will reduce it at once to the 
denomination required ; that is, divide by the number which 
it takes of the denomination given to make 1 of that requir- 
ed. The divisors to be used in working by this last rule, 
will be found in the Supplemental Tables. 

Note 1. — ^The remainder is always of the same denomin- 
ation as the dividend. 

Note 2.-*- When the divisor contains a fraction, the divis- 
ion must be performed according to the rule given in the 
Supplement to Simple Division. If, after dividing in this 
manner, there M a remainder, it must be divided by the 
denominator of the fraction belonging to the given divisor, 
and the quotient, thus found, will be the true remainder, or 
number of that denomination, to be set down in the answer. 

Proof. — Reduction Ascending and Descending are the 
reverse of each other, and hence they reciprocally prove 
each other. The following questions are the reverse of the 
corresponding questions in Reduction Descending, and the 
answers to the latter may serve as proofs of those to the 
former. 

EXAMPLES. 

Money, 
1. Reduce 26616 farthings to pounds. 
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Operation, Explanation, — Here, because 4 far- 

4)36616 q. things make 1 penny, I divide the 26616 

farthings by 4, to bring them into pence ; 

12)6654 d. and the quotient is 6654 pence. Then, 

because 12 pence make 1 shilling., I di- 

2,0)55,4 s. 6d. vide those 6654 pence by 12, to reduce 

them to shillings ; and the quotient is 554 

27Z. 14s. shillings, and 6 pence remain, which I set 

down a little to the right hand of the 

Ans. 27Z. 14s. 6d. quotient. Then, because . 20 shillings 

make 1 pound, I divide the 554 shillings 

by 20, to reduce them to pounds ; and the 
quotient is 27 pounds, and 14 shillings remain. So, the 
answer is 27Z. 14s. 6d. — The operation may be proved by 
reducing the answer to farthings, by Reduction Descending. 

Reduce L. s. d. q. 

119520 pence to pounds. Ans. 498.. 0.. 0..0 

1168 pence to pounds. Axis. 4.. 17.. 4..0 

30329 farthings to pounds. Ans. 31 .. 11 .. 10 .. 1 . 

15367 pence to pounds. Ans. 64 .. .. 7 .. 

900 farthings to shillings. Ans. 18.. 9..0 

7. In 12096 pence, how many guineas at 21 shillings 
each? Ans. 48, 

Note, — From the foregoing Rule, and the 1st Contrac- 
tion in Simple Division, it appears that Federal Money is 
reduced from lower to higher denominations by merely 
cutting offas many places as the given denomination stands 
to the right of that required ; the figures cut off belonging 
to their respective denominations. 

8. How many dollars are equal to 500 cents ? 

Here, 500-f-100=5 dollars, the Ans. 
Or, what amounts to the same thing, by cutting, off the 
two ciphers at the right hand, 5 remains, which is the num- 
bcT of dollars, as before. 

9. Reduce 48 dimes to dollars. Ans. 4D. 8 dm. 

10. Reduce 7050 cents to eagles. Ans. 7E. OD. 5dm. 

11. Reduce 14200 mills to dollars. Ans. 14D. 2dm. 

12. Reduce 804 cents to dollars. Ans. 8D. 4c. 
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Troy Weight. 

13. Reduce 932 penny- 
weights to pounds. 2,0)93,2 pwt. 

Here, I divide the 932 

pwtt by 20, to reduce them 12)46 oz. 12pwt. 

to dunces, and the ounces — 

by 12, to reduce them to Ans. 31b. 10 oz. 12 pwt. 

pounds. 

14. Reduce 26408 grains to pounds. 

Ans. 4 lb. 7 oz. pwt. 8 gr. 

15. Reduce 3840 grains to ounces. Ans. 8 oz. 

Apothecaries^ Weight. 

16. Reduce 157 scruples to ounces. 

Ans. 6 oz. 4 dr. 1 sc. 

17. In 55799 grains, how many pounds? 

Ans. 9 lb. 8 oz. 1 dr. 2 sc. 19 gr. 

Long Measure. 

18. Reduce 13648 rods to miles. 

Ans. 42 m. 5 fur. 8 rd. 

19. Reduce 5600 rods to leagues. 

Ans. 5 Le. 2 m. 4 fur. 

20. Reduce 101 yards to rods. 

5i- yards=l rod. 11)202 

5 Jx2= 11, new divisor. 

101 X2=.202, new dividend. 18 rods -*- 4 rem. 

Here the divisor, 5^, con- Then, 4-s-2=2 yards, 

tains a fraction ; and the re- the true remainder. 
duction is performed accord- Ans. 18 rods and 2 yards, 
ing to the 2d Note after the 
Rule. 

21. The river Niagara, at the great cataract, falls nearly 
163 feet down a perpendicular precipice ; and the depth of 
the river at the foot of the^ falls is supposed to be at least 
200 feet; which makes the whole height of the precipice 
about 363 feet. Reduce this number of feet to rods. 

Ans. 22 rods. 

22. The highest mountain in Europe is Mont Blanc, in 
Switzerland ; the summit of which is elevated about 15675 
feet above the level of the sea. Reduce this number of 
feet to miles. Ans. 2 m. 7 fur. 30 rd. 
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23. The quantity of lincji imported into theUnii^- 
States froln Ireland, in the year IHOgs, wad 2673^19 3^ards. 
How nlany miles in le^igth wft9 the whole? ; 

Ans. 1520 m, 1 fur. 36 i(d. 1 yd. 

24. Reduce 4735272000 barley-corns to miles, 

473S2T29604-190080^24912 miles, Ans. 

Cloth Measure. 

25. Reduce 19 quarters to yards. Ans. 4 yd. 3qr. 

26. Reduce 15()0 nails to English ells. Ans. 75. 

27. Reduce 2106 incjics to French ells. Ans 39. 

- Square Measure, - 

28. Reduce 4779 s<i. rods to acres. 

Ans. 29A. 3R, 19sq. rd. 

29. Reduce 7772 sq. inched to sq. yards. 

Ans. 5sq. yd. 8sq. ft. 140 sq. in. 

30. Reduce 3048960 acres to sq. miles. Ans. 4764- * 

31. Reduce 370260 sq. feet to acres. 

' 370260^10890=34 roods=8 acres, 2 roods. Axis. 

i Cubic Measure^ 

32. Reduce 687 cubic feet to cords. Ans. 5 C. 47ctib.ft. 

33. Reduce 442368 cubic inches to cords. Ans 2. 
^ 34. Reduce 600 feet of round timber to tons. Ans. 15. 

4a, Wine Measure. 

35. Reduce 180 gills to gallons. Ans. 5 gal. 2qt. 1 pt. 

36. Reduce 20160000 pints to pipes. Ans. 20000. 

37. Reduce 504 pints to hogsheads. Ans. 1. 

38. Reduce 64 half gills to gallons. Ans. 1. 

Dry Measure. 

39. Reduce 2424 quarts to bushels. Ans. 75 bush. 3 pk. 

40. Reduce 258 pints to bushels. Ans. 4bush. and 1 qt. 

41. Reduce 360 bushels to chaldrons. Ans. 10. 

Time- 
Reduce 
31556928 seconds to days. Ans. 365 da. 5h. 48 m. 48 sec. 
2551443 seconds to clays. Ans. 29da. 12h. 44 m. 3sec. 
364 days to weeks. , Ans. 52. 

96 calendar months to years. Ans. 8. 
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86 COSllDVND ADDITION. 

Reduce 

1831 years to centuries. Ans. 18 cent, and 31 years. 
669138 days to Julian years. Ans. 1832. 

Circular Measure. 

48. Reduce 47435" to degrees. Ans. 13° .. 10' .. 35". 

49. Reduce 1020300" to signs. Ans. 9 S. .. 13° .. 25'. 

50. Reduce 18048" to degrees. Ans. 5° and 48'^ 

(iUESTIONS ON REDUCTION. 

1. What is Reduction? 2. What is Reduction Descend' 
ing? 3. What is Reduction Ascending? 4. How is Reduc- 
tion Descending performed when the given quantity consists 
of several denominations ? 5. How is it performed wh^n the 
given quantity consists ol one denomination only ? 6. How 
is Reduction Ascending performed? 7. How do you pro- 
ceed when the divisor contains a fraction? 8. How- are 
operations in Reduction proved ? 

Note* — ^It will be useful for Instructors to put various ' 
other questions to their pupils respecting the most usual 
denominations of money, weight and measure ; viz. such 
as these: How many farthings make a penny ? How many 
ounces in a pound, Avoirdupois? How are feet reduced to 
inches ? flow are square rods reduced to acres ? &c. And 
learners ought not to leave Reduction until they are able 
to answer such questions correctly. * 



COMPOUND ADDITION, 

Is the addition of numbers of different denominations, 
but of the same general nature. 

RULE.* 

1. Set down the given numbers in such a manner that 

* The reason of Ibis rule is evident, from what has been said in Simple 
Addiiion and Reduction : For instance, the addition of Sterling money, 
as 1 in the pence is equal to 4 in (he farthings; 1 in (he shillings, to 12 in 
the pence ; and 1 in (be pounds to 20 in (he shillings; therefore, carryioi^ 
as directed, is nothing more than providing a method of placing the mon- 
ey arising from each column properly in (he scale of denomina(ioB8 : and 
(his reasoning will hold good in the addition of compound aamjben of 
any denominations whale ver. DgtzedbyVjOOglC 
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those of the same denomination may stand directly under 
one another; placing the lowest denomination of each 
quantity at the right hand, the next higher next, and so on ; 
and then draw a line underneath. 

2. Add together the numbers of the lowest denomina- 
tion, as in Simple Addition, and divide the amount by* a 
number #hich will (according to the Rule for Reduction 
Ascending) reduce it to the next higher denomination : Set 
down the remainder under the coliunn* added, (or, if noth- 
ing remains, set down a cipher,) and carry the quotient to 
the column of the next denomination. Then add up the 
numbers of this denomination, together with the number (if 
any) carried from the first column, aod reduce the amount 
to the next higher denomination; setting down the remain- 
der under the proper column, and carrying the quotient to 
the next column, as before ; and so proceed through all the 
denominations, setting down the whole amount of the last 
column* Then the amount of the last column, together 
with the several remainders (if any) of the lower denomina- 
tions, will be the answer, or whole amount sought. 

Proof. — The method of proof is the same as in Sim^de 
Addition. 

EXAMPLES. 

Money* 
1. What is the total sum of 47 Z. 18s. 8d.-HlSZ. 19s.+ 

17Z. 10d.+15s. 9d. and lid.? 

Explanation* — I first write 
down the given quantities ac- 
cording to the Rule. Then I 
add up the column of pence, as 
in Simple Addition, and find the 
amount to be 38 pence. This 
sum I divide by 12, to reduce it 

Ans. 84.. 15.. 2 to shillings, and the quotient is 

3 shillings, and 2 pence remain : 

Proof, 84.. 15.. 2 The remainder I set down under 

the column of pence, and the 

quotient I carry to the column of shillings. I next add up 

* By a column, is here meant a column of numbers o^ the iome denamina* 
turn; not a row of Hogle figures, aa io Simple Ad4iti<^i(^oOQLe 



L. 


8. 


d. 


47. 


.18. 


. 8 


18. 


.19. 


. 


17 


0. 


.10 




15. 


. 9 
11 


84. 


.15. 


2 
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the column of shillings, together with the Bshillingscarried 
from the penee^ and the sum is 55 shillings. This sum I 
divide by 20, to reduce it to pounds ; and the quotient i& 2 
pounds, and 15 shillings remain; which remainder I set 
down below the column of shillings, and carry the quo- 
tient to the pounds. I then add up the column of pounds 
and the 2 pounds carried from the shillings, and the snm is 
84 pounds, the whole of which I set down below the col- 
umn of pounds, because there are no more columns to add, 
and then the work i« done. So, the answer, or sum total, 
is 84i. 15s. 2d.-— Then,- to prove the work, I add all the 
columns downwards, proceeding in other aspects as be- 
fore, and as I find ^ same sum total as before, I conclude 
the work is right. 

(3) (3) 

• L* s* d. q. s. d. q. 

14 ..17.. 0.,3 15..U..« 

8.. 0.. 8..« 18.. 7.. 1 

. . 17.. 3..1I..0 6.. 9..1 ' 

18.. 8,. 1 4..10.V0 



Sum, 41.. 0.. 4.-2 L. 2.. 6.. 2..0 



Note, — When the highest denomination mentioned in 
the question is not the highest of its kind, if the amount of 
that denomination in the answer be large, it may be reduced 
to a higher denomination, if necessary. Thus, in exam- 
ple 3d, the amount of the shillings is 46s., which being 
brought into pounds, is 2 i.. 6s. 

4. Required the amount of 365Z. 14s.-f 18s. 9d.+36Z. 
12s.4t76/. 1 8. 8d.-j-10d. 2q. 

Ans. 479Z. 7s. 3d. 2q. 

IVoy Weight, 

5. What is the sum total of lb. oz. pwt. gr. 
51b. 9oz. 13pwtl 8gr.+171b. 5. .9. .13.. 8 
8oz. 6pwt.+4oz;i8pwt.9gr. 17.. 8.. 6.. 
+161b. 14pwt.+8oz. 15 gr.? 4.. 18.: 9 

16..0.. 14.. 
8.. 0.. 15 

Ans. 40 ..7.. 12.. 8 
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Here I divide the amount of the grains by 24, to reduce 
them to penny-weights ; the amount of the penny-weights 
by 20, to reduce them to ounces ; and the amount of the 
ounces by 12, to reduce them to pounds. 

(6) 0) 

lb. oz. pwt. gr. lb. oz. pwt. gr. 

55.. 0..14..6 8..7..14.. 16 

7.. 6.. 19 ..8 8.. 15 ..14 

18.. 1.. 5:.0 14..6..19.. 

10.. 17 ..8 21 ..0.. 0.. 



Avoirdupois Weight. 




N. B. 281b.=lqr. 


ofa 


cwt. 






(8) 

Cwt. qr. lb. 

21 .. 1 .. 12 

4..0..26 

5..0.. 6 

7..2..25 






(9) 

CJwt. qr. lb. foz. 

3. .3. .27 ..14. 

2..0..18..10. 

1.. 0.. 8. 

5..2..25..15. 


dr. 
.12 
. 
. 6 

. 7 



Sum, 38..1.. 13 



(10) 
Rods. ft. in. 



Long Measure, 



15 .. 14 .. 1 1 In this example, the amount 

12 .. 15 .. 8 of the feet is 55, which I re- 

8 .. 2 .. duce to rods, according to the 

4 .. 7 .. 7 2d Note after the rule for Re- 

15 .. duction Ascending. 



Sum, 42 ..5i .. 2 
Or, 42.. 5.. 8 



H2 
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(II) 

Leagues, m. fur. rd. yd. 

24 ..3. .7. .20 ..4 

7..0..4..28..4 

2.. 1..0.. 4..0 

1..5.. 17..2 



Sum,35..0.. 1..30..4^ 
Or, 351e.0m. Ifur. 30 rd. 
4 yd, 1ft. 6 in. 

Cloth Measure. 



(12) 

Rods. ft. • in. b. c. 

12.. 14.. 10.. 1 

8.. 15.. 0.0 

26.. 10.. 2.. 2 

8.. 10.. 7.. 2 

57 f .. 6. 2 
Or, 57rd. 1 ft.' 2 in. 2b. c. 



Yards, qr. na. 
24..2..2 
17..1..1 
12.. 2. .0 
10..0..1 



64..2..0 



^uare sq. sq. 
rods. yd. ft; 
4. .28 ..2 
2.. 30 ..6 
8.. 25 ..7 
2..21..0 
8.. 15.. 8 



E.e. qr. na. 

18.. 4.. 1 
4..2..2 
1..0..0 

13.. 3.. 3 



Square Measure, 



Fl. e. qr. na. 

21.2.. 1 

8..0..3 

4..2..0 

12..0..3 



sq. sq. sq. 
Acres. R. rods. ft. in. 
25.. 2.. 24.. 8.. 120 
14..1.. 8..7.. 86 
19 ..0.. 29 .,8. .128 
8..2..37..0..108 
12..0.. 8..1 .. 45 



28.. 0..5 



Cubic Measure. 

Cords, cub. ft. cub. in. Cords, cub. ft. . cub. in. 

1§ .. 102 .. 1725 7 .. 114 .. 1540 

15 .. 32 .. 825 5 .. 100 .. 287 

21 .. 97 .. 1200 4 .. 82 .. 1078 

12 .. 48 .. 867 5 .. .. 62 



L 



68 .. 25 .. 1161 



d by Google 



COMPOUND ADDITION. 

Wine Measure, 



(20) 
Bar. gal. qt. pt. gil. 
2.. 9..3..1..2 
3..21..2..0..1 
5.. 8..3.,1 ..3 
6..28..2..1..0 

18.. 6..0..0..2 



Bush. pk. qt. pt. 

10..2..7.. 1 

4..2..6..0 

8..0..5.. 1 

7..2.,.0..1 

37..0..3..1 



Weeks, da. h. 



2 
2 
1 

1 



6 .. 21 

5 .. 18 

4 .. 17 

3 .. 20 



9 .. .. 



Time. 



91 



(21) 

Tuns. p. hhd. bar. 

24..1..1..0 

5..0..0..1 

8.. 1.. 1..1 

10..0.. 1.. 1 



Dry Measure. 



Bush. pk. qt^ pt. 

12..3..6t. 1 

9..0..0..0 

5..2..7..1 

20.. 1..2..0 



Days. 


h. 


min. 


sec 


20 .. 


17 


.. 45 .. 


27 


5 .. 


12 


.. 22 .. 


18 


16 .. 


12 


.. 53 .. 


47 




21 


.. 50 .. 






Circular Measure. 



Signs. ° 


1 


// 


S. 


o 


/ // 


4 .. 28 . 


. 64 . 


. 47 


2 . 


. 12 . 


. 46 .. 48 


2 ... 8 . 


. 17 . 


. 20 




5 . 


. 18 .. 54 


1 .; 12 . 


. 16 . 


. 52 




24 . 


. 45 .. 12 


. 24 . 


. 47 . 


. 40 


4 . 


. . 


. .. 8 


17 . 


. 45 . 


. 46 


1 . 


. 2 . 


. 12 .. 34 



10 



2 .. 2 .. 25 
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PRACTICAL (QUESTIONS. 

1. Bought a Geography for 10s. 6d.; an English Read- 
er for 48.; an Arithmetic for 4 s. 6d. ; a slate for 2 s. 8d., 
and a penknife for 2s. 9d. : what do they all amount to? 

Ans. IZ. 4 s. 5d. 

2. The national debt of England, at the Revolution, in 
1689, was 1054925Z. 12s. 6d.; at the close of the Ameri- 
can war, in 1783, it was 238232247 Z. 19s. lid.; and in 
1 827 it amounted to about 900000000 Z. Required the sum 
of these several debts? Ans. 1139287173Z. 12s. 5d. 

3. Bought 5 cheeses, weighing as follows; viz. the first 
cheese, 171b. 15 oz.; the second, 221b. 14 oz.; the third, 
191b; the fourth, 241b. 7 oz.; and the fifthi 211b. 12oz. 
Required the weight of the whole ? Ans. 1061b. 

4. A wall-maker built four stone walls for a farmer: the 
first wall was 94 rods, 12 feet, iri length; the second, 42 
rods, 10 feet; the third, 37 rods, 9 feet ; and the fourth, 28 
rods. What length of fence did the four walls ipake? 

Ans. 202 rods, 14^ feet. 

5. A landlord has 4 farms : the first contains 120 acres, 
2 roods; the second 150 acres ; the third 215 acres, 1 rood, 
28 square rods ; and the fourth 96 acres, 2 roods, 22 square 
rods. How much land has he fn all ? 

Ans. 582 A. 2 R. lOsq.rd. 

6. Bought three loads of wood: the first contained 124 
cubic feet ; the second 108 cub. feet, 710 cub. inches ; and 
the third 95 cub. ft. 1018 cub. in. Required the contents 
of all the loads ? Ans. 2 cords, 72 cub. ft. 

7. In the year 1820, there was raised in the county of 
Otsego, New- York, 125 bushels, 4 quarts, of Indian corn, 

I on one acre; 120 bush. 2 pecks on another; 118 bush. 4 
\ quarts on another ; 117bush. on another ; 111 bush, on an- 
1 other ; 95 bush. 4 quarts on another ; and 90 bush. 2 pecks, 
1 6 quarts, on another : how much on the seven acres? 
[ Ans. 777 bush. 2 pk. 2 qt. 

8. The periods of time in which the primary planets 
revolve round the Sun, and round their own axes, are as 
follows :-« 
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Pl^wets, 


Rotation on 




their axis. 


■ ■• * 


"■' days. h. m. 


Mercury - 


- 1..00.. 5 


Venus 


- 0..23..21.. 


The Earth 


- - 0..23..56} 


Mars 


- - 1..00..39 


Jupiter - 


-. - 0^/9. .56 


Saturn 


- rO.. 10,. 16 


Jlerschel ;- 





Find the sums, , 4 .. 20 .. 13i^ 



Tii»ie ofnuming 

Tovnd the s^nv 

days. h. ra. 

87.. 23.. 16 

224.. 16 ..49 

^.. 6.. 9 

686 ..23 ..31 

4332.. 14. a9 

10758 ..23 ..17 

30688 ..17.. 6 

47146.. 4. .27 



COMPOUND SUBTRACTION, 

I3 the suhtraction of a less compound quantity, or num- 
ber, from a greater of the same generic kind. 

RULE.* 

1- Set dowii the subtrahend, or less quantity, under the 
minuend, or greater quantity, in such a manner that those 
numbers which are of the same denomination may stand 
directly under each other, as in Compound Addition.. 

2. Beginning at the right hand, subtract successively, if 
possible, the lower number in each denomination from the 
upper, and write the remainder underneath ; and the sev- 
eral remainders taken together will be the whole difference 
sought. 

3. But if the loweV number of any denomination he great- 
er than the upper, borrow and add to the upper number as 
many of that denomination as make 1 of the next higher ; 
then subtract the lower number from the upper one thus 
increased, and set down the remainder. Then carry 1, 
(as an equivalent to the number borrowed,) and add it to 
the next superior denomination in the lower quantity, and 
proceed as before. 

* The reason of this Ru4e will easily appear, from what wat said in 
Simple Subtraction ; for tiie borrowing depends npon the same princi- 
ple, only the number borrowed is not always 10, as in Simple Subtrac- 
tion* because the denominations of compound nnmberado apt alt in- 
crease in a tenfold ratio. a'^'^^d by vjOOg i\ 



M COMPOUND SUBTRACTION. 

Proof. — Add the total remainder, or answer, to the sub- 
trahend, by the rule for Compound Addition ; and, if the 
work be right, the amount will be equal to the minuend. 

EXASfrPLES. 

Money. 
1. FromST^Z. 15s. lid. take 2847. 8s. 6d. 

L. s. d. Here I first subtract the 6 

Minuend, 572 .. 15 .. 11 pence from the 11 pence, as 
Subtrahend, 284 .. 8s.. 6 in Simple Subtraction, and 

the remainder is 5 pence. 

Remainder, 288,. 7.. 5 which I set down underneath. 

I subtract, in like manner, the 

Proof, 572 .. 15 .. 11 8 shillings from the 15 shil- 

lings, and the 284 pounds 
from the 572 pounds, and set down the remainders, 7 and 
288. So the whole remainder, or answer, is found to be 
288/. 7 s. 5d.-^Then, to prove the work, I add the whole 
remainder to the' subtrahend, (by Compound Addition,) and 
the sum being the same as the minuend, I conclude the 
work is riffht. 

(») 

s. d. q. Here, as I cannot subtract 3 far- 

From 18 .. 5 .. 2 things from 2 farthings, I borrow 4 

take 4 .. 7 .. 3 farthings, (which are equal to 1 pen- 

: ny,) and add them to the 2 farthings, 

Rem. 13 .. 9 .. 3 and the sum is 6 farthings, from which 
I subtract the 3 farthings, and set down 
the remainder. Then I carry 1 penny, (as an equivalent 
to the 4 farthings borrowed,) and add it to the 7 pence, and 
the sum is 8 pence. Then, as I cannot subtract 8 pence 
from 5 pence, I add 12 pence (which make 1 shilling) to 
the 5 pence, and from the amount I subtract the 8 pence, 
and set down the remainder. Then I add 1 to the 4 shil- 
lings, and subtract the sum from the 18 shillings, and set 
down the remainder, and tlie work is done. 

Note. — In Compound Subtraction, when it is necessary 
to borrow, instead of adding the number borrowed to the 
upper number, and then subtracting the lower number from 
the amount, as directed in the foregoing Rule, you may, 
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COMPOUND SUBTRAGTIQK. 96 

if you choose, subtract the lower number from the number 
borrowed, and add the remainder to the upper number, and 
set down the amount below ; then carry 1 to the next su- 
perior denomination in the subtrahend ; and so, proceed* 

(3) m 

L. s. d. q. L. 8- d. q. ♦ 

From 47.. 0.. 0..0 7.. 14..0.. 1 

take 15.. 0..3 2.. 17. .2. .2 



Rem. 46.. 4.. 11 ..2 



5. From 18Z. 12s. 4d. take 15/. Os. 2d. 

Ans. 3/. 12 s. 2d. 

6. Find the difference between 217 Z. 6 s. and 178 L 18 s. 
5d. 1 q. Ans. 38 Z. 7 s. 6d. 3q. 





Troy Weight. 






(7) 


(8) 


lb. 

From ' 8 . 
take 7 . 


oz. pwt. gr. ■ lb. 
.4..14.. 5 5. 
.7..19.. 8 2. 


oz. pwt. gr. 
. 9..18..20 
.10.. 6..21 



Rem. 8 .. 14 .. 21 



Proof, 8. .4. .14.. 5 



Avoirdupois Weight 

(9) (10) - 

Tons. cwt. qr. lb. oz. dr. lb. oz. dr. 

From 7..10..0..18..12..(> 8..14..11 

take 2..15..2..12..15..8 4.. 14.. 15 



Rem. 4..14..2.. 5..12..8 
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• ' Long Measure. 

(11.) 

Le. m. fur. rd. yd. 
I^rbm 6..2..S.. 18.. 1 
take 2.,0..7..20..4 



(12) 
yd. ft. in. b. c. 
4..2..8..0 

2.. 2. .8. .2 



Rem. 4.. 1.. 5. .37 ..2^ 



Cloth Measure. 



(13) 
yd. qr. na. 
From 7..1.. 1 
take 4. .2. .2 



(14) 
E. e. qjT. na. 
7..0.. 1 
5..2..0 



Rem. 2..2..3 

Square Measure. 

A. R. sq.rd. sq. yd. sq. ft. sq. in. 

From 5 .. 1 .. 27. 8 .. 7 .. 100 

take 2 .. 28 5 .. 4 .. 140 



Rem. 4 .. 2 .. 39 

Cubic Measure. 
(17) 
cub. cub. 
Cd. ft. in. 
From 8.. 114.. 1540 
take 2.. 122 ...1720 



Rem. 5.. 119.. 1548 

k 

Wine Measure. 

(19) 
T. p. hbd. gal. 
From 4.. 1..0..42 
take 2..0.. 1..50 

Rem*. 2..0..0..55 



L 



(.18) 

cub. cub. 
Cd. ft. in. 
5..100..0 
4.. 127..1 



(20) 
gal. qt. pt. gil. 
27..2.. 1..2 
18..1..0..3 
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Dry Measure. 

(21). - (22) 

bush. pk. qt. pt bush. pk. qt. pt. 

From 7.,2..5..0' 5..1..0..1 

take 2..7,. 1 2..8..2..0 



iUm. 6..3..5..1 



Time. 

(23) ' (24) 

weeks, da. h. da. h. min. sec. 

From 4.-5..20 4 .. 14 ..40.. 50 

take 2.. 6.. 12 18 ..48 ..58 



Rem. 1..6.. « 



Circular Measure, 

(26) (26) 

go." S. ° ' '^ 

From 10 ..24 ..42.. 17 8..0..0..0 

take 4..28..14..25 5.. 1.. l.-l 



Rem. 5..26..27..52 



PRACTICAt QUESTIONS. 

1. Bought a piece of cloth for 2L 19s.; and sold the 
same for 3Z. 18s. 6d.: what did I gain liy the bargain ? 

Ans. 19 s. 6d. 

2. The value of the domestic and foreign produce ex-^ 
ported from the United-States to foreign countries, in the 
year 1800, was 15968650/. 10 s. sterling. The value of 
the exports from the city of London, in the same year, 
was 25428922 Z. 16 s. 7d. How much did the value of the 
exports from London exceed that of the exports from the 
United-States ^ Ans. 91602727. Os. 7d. 
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3. A Silversmith had 14 lb* Ooz. lOpwt. of silver; he 
melttt 71b. 15pwt. 10 gr.; how much has he left ? 

Ans' Tib. 8oz. 14pwt. 14 gr. 

4. The highest mountain in the known world is Dewa- 
lageri, the loftiest peak of the Himmaleh mountains, in 
Asia ; and Ij^e next highest is Chimborazo, in $outh-Amer« 
ica. The summit of Dewalageri is about 5 miles, 1 furlong, 
37 rods, and that of Chimborazo 4 miles and' 18 rods, above 
the level of the sea. How much does the height of Dewa- 
lageri exceed that of Chimborazo ? 

Ans. 1 m. 1 fur. 19 rd. 

5. Bought several casks of cider, containing 152 gallons, 

1 quart ; and disposed of one which contained 41 gallons, 

2 quarts, 1 pint : How much remained in the other casks ? 

Ans. llOgal. 2qt. 1 pt. 

6. Napoleon Bonaparte was born in the town of Ajaccio, 
on the island of Corsica, the 15th of 8th Month (August) 
1769 ; and he died on the island of St. Helena, the 5th of 
5th Month (May) 1821. How old was he when he died ? 

yr. mo, da. 

1821 .. 5 .. 5 subsequent date. 
1769.. 8.. 15 prior date. 

Ans. 51 .. 8 .. 20 difference. 
Note* — To find the interval or space of time between any 
two given dates ; subtract the years, months, and days, of 
the prior date, from those of the subsequent date, and the 
difference will be the time sought. When the number of 
days in the subtrahend exceeds the number in the minuend, 
subtract the former number from the number of days that 
the month next before that mentioned in the minuend con- 
tains, if this subtraction can be made ; add the remainder 
to 'the number of days in the minuend, and set down the 
sum, for the number of days in the answer : but if this sub- 
traction cannot be made, then the number of days in the 
minuend will be the number to set down in the answer. 
Always when the number of days in the subtrahend is great- 
er than the number in the minuend, add 1 to the number 
of months in the subtrahend. In other respects proceed 
according to the rule for Compound Subtraction. Thus, 
in the foregoing example, the number of days in the sub- 
Digitized by VjOOQIC 
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traheiidis greater than the number in the minuend, and I 
subtract the former number from 90, which is the number 
of days tiie 4th month contains, and add the remainder to 
the 5 dajTs in the minuend, and the sum is 20, which I set 
down for the number of days in the answer. Then I carry 
1 to the months in the subtrahend, and proceed as usual in 
compound subtraction. 

7. How many months and days from the 31st of 1st 
Mo. (Jan.) to the 15th of 7th Mo. (July)? 

da. 

Here the number of days in the subtra- 
hend cannot be subtracted from the number 
- of days which the 6th month contains, and 
Ans. 5 .. 15 therefore I set down the number of days 
in the minuend for the days of the answer. 
Then, I add 1 to the number of months in the subtrahend, 
and subtract as usual. 

8. The celelnrated William Penn, the first governor of 
Pennsylvania, and. the founder of the city of Philadelphia, 
was born in the city of London, 11th Mo. (Nov.) 4th, 1644; 
and he died at Rushcomb, in Buckinghamshire, England, 
8th Mo. (Aug.) 10th, 1718 : how old was he when he died ? 

Ans. 73 yr. Omo. 6 days. 

9. What is the difTerenee between the Julian and the 
Solar year ; the formlar consisting of 365 days, 6 hours, 
and the latter of 365 da. 5 h. 48 min. 48 sec? 

• Ans. 11 min. 12 sec. 

10. The latitude of the city of London is 51 degrees, 31 
minutes, north ; and that of Quebec, in Lower-Canada, is 
46 degrees, 50 minutes, north : What is the dilTerence be- 
tween the latitudes of tHese two cities ? Ans. 4^ .. 4r. 



COMPOUND MULTIPLICATION, 

Is when the multiplicand consists of different denom- 
inations. 

RtTLE. 

1. Set down the multiplier under the- lowest denoimiBa*. 
tion of the multiplicand. gzedby^Do^k 
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2. Multiply the lowest denomination of the multiplicand 
by the multiplier, as in. Simple Multiplication ; divide the 
product by such a number as will reduce it to the next 
higher denomination ; set down the remainder^ and carry 
the quotient to the product of the next denomination. 

3. Multiply the next denomination of the multiplicand 
by the multiplier ; add to the pro'duct the number (if any) 
carried from the denomination below ; then reduce this 
sum to the next higher denomination, setting down the 
remainder, and carrying the quotient to the product of the 
next denomination, as before. 

4. Proceed in this manner through all the denominations 
to the highest, and the product or amount of J^hat denomin- 
ation, together with the several remainders (if any) of the 
lower denominations, will be the answer, or whole pro- 
duct required.* • 

EXAMPLES* 

Money* 

L. 8. d. 
1. Multiply 8.. 17.. 11 Here, I first multiply the 11 

by 4 pence by 4, and the product i» 

44 pence ; which I reduce to 

Product, 35 .. 11 .. 8 .shillings, and have 3 shillings, 

and 8 pence remain. The 8 d» 
remainder I set down below the pence of the multiplicand, 
and the 3 s. I carry to the product of the shilling^. I then 
multiply the 17 shillings by 4, and the product is 68 s.; to 
which I add the 3s. carried from the pence, and the sum is- 
71s.; which I reduce to pounds, and have 3/., and lis. 
remain. The lis. I set down below the shillings of the 
multiplicand, and the 3Z. I carry to the product of the 
pounds. Lastly, I multiply the 8Z. by 4, and add. to the 
product the3Z. carried from the shillings, and the amount 

* Tlie product of a number, consisting of several fwirls or denpinina* 
ttons, by,«ny simple number whatever, will be expressed by taking tbe 
prodii£t of the simple number and each part of the compound numtier, 
by itself* as so many distinct questions : Thus Si. Hs. lid. piultiplied 
by 4, will be 32^. 68 s. 44 d. = (by taking the shillings from the pence, 
and the pounds from the shillings, and placing them in the shillings and 
pounds respectively,) 36/. lis. 8d ; and this will be true when the 
-uiul^pHcand is any aumponod number whmlaver. 
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is 35 Z., which I set down, and the work is done. So the 
whole product, or answer, is 35/. lis. 8d. 



(2) 
L. s. d. q. 
Multiply 18.. 16 ..0.. 2 
by 8 


(3) 
s. d. 
6.. 4. 


V 

q- 
, 1 

15 


Prod. 150.. 8. .4. .a 


L. 4..15..3. 


. 3 



4. Multiply 11. 17s. 5d. by 6. Ans. UL 4s. 6d, 

5. Multiply 18/. 7 s. by 8. . Ans. 146 Z. 16 s. 

6. Multiply 9b. 7d. 2q. by 12. Ans. 5Z. 15s. 6d. 

7. Multiply 4 Z. 19 s. lad. 2q. by 365. 

Ans. 1822 Z. 14s. 4d. 2(1- 

Weights and Measures* 

■ (8) (9) (10) 

lb. oz. dr. yd. ft. in. m. fur. rd. 

Multiply 14 .. 15 ..12 2 .. 2 .. 8 20 .. 7 .. 25 

by 4 5 6 

Product, 59.. 15.. *14.. 1..4 125 ..5.. 30 



(11) (12) (13) 

sq. sq. sq. sq. cub. 

A. R. rd. yd. ft. in. Cd. ft. 

Multiply 1..0..15 5. .8. .140 7.. 120 

by 7 8 9 

Product, 7.. 2.. 25 47..8.-112 71.. 56 



(14) (15) 

gal. qt. pt. gil, bush. pk. qt. pt. 

Multiply 7..2..0.. 3 5..2..7.. 1 

by 12 . 20 

Product, 91.. 0..1.. 1I4..2..6.. 
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(16) 








(17) 








w. 


da. h. 


mitt. 


SGC« 


S. 


o 


' 


// 


Multiply 


2. 


.6.. 8. 


.30. 


.40 




1.. 


8. 


. 7 


by 








26 








275 



Product, 72..4..16..36..40 10 ..12 ..12.. 5 

COHTRACTIONS. 

I. When the multiplier exceeds 12, and is a composite 
number, you may multiply successively by its component 
parts, instead of the whole number at once. 

EXAMPLES. 

1. Multiply 271b. 12 oz. 8 dr. lb. oz. dr. 

Avoirdupois, by 42. 27 - 12 .. 8 

7x6=42. 6 



166..11..0 
7 



Ans. 1166.. 13.. 

2. Multiply 8/. 12s. 4d. 2q. by 32. 

Ans. 275 Z. 16 s. 

3. Multiply 8 acres, 3 roods, 28 sq. rods, by 144. 

Ans. 1285 A. OR. 32sq.rd. 

4. Multiply 8 bush. 2 pk. by 640. 

8x8x10=640. Ans. 5440 bush. 

II. When the multiplier is large, arid is not a compo" 
Site number, you may reduce the multiplicand to the lowest 
denomination of which it consists, and then multiply it by 
the multiplier, as in Simple Multiplication ; and the pro- 
duct will be the answer in the denomination that the mul- 
tiplicand is reduced to, which may be brought into a 
higher denomination, if necessary. 

EXAMPLES. 

h Multiply SI. 17s. 4d. by 57. 
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L. s. d. 
8.. 17 ..4 
20 


d. 
= 2128 
57 


177 
12 


14896 
10640 



2128 d. 12129a d.=50B .. 8 Ans. 

Explanation. — Here, I first reduce the given multipli- 
cand, viz. 8/. 17s. 4d., to pence« and find it to be 2198 
pence. \ then multiply those 2128 pence by 57, the given 
multiplier, and the product is 121296 pence ; which I re- 
duce to pounds, and have 505 Z. 8s. for the answer. 

2. Multiply 19 s. 8d. 2q. by 149. 

Ans. 146 Z. 168. 6d. 2q. 

3. Multiply 171b. 8 oz. Avoirdupois, by 71. 

Ans. 12421b. 8 oz. 

4. Multiply 22 yards, 3 qr. 1 na. by 173. 

Ans. 3946 yd. 2 qr. 1 na. 

PRACTICAL QUESTIONS. 

1. What do 4 yards of broadcloth amount to, at 2Z. 7 8. 
10 d. per yard ? 

L. 2 ,. 7 .. 10 value of 1 yard. 
4 number of yards. 



Ans. L.9..11.. 


4 


value of 4 yards. 




Questions. 






Answers. 




L. 


8. d. 


L. s. d. 


4 lb. of tea^ at 


0. 


. 7.. 8 alb. 


1..10..8 


10 cwt. of cheese, at 


2. 


. 17 .. 10 a cwt. 


28.. 18 ..4 


11 tons of hay, at 


2.. 1..10 a ton. 


23.. 0..2 


i 12 bush, of apples, at 




1 .. 9 a bush. 


1.. 1.0 


f 19 lb. of indigo, at 




11.. 6 a lb. 


10.. 18 ..6 



7. Find the amount of the following 

BILL OF PARCELS. 

New-York, Nov. 2d, 1831. 
Jam^s PayweUi Bought of John Grocer^ 

\See next page.} 
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12 cwt. of riugar, at 3/. 12 s. a cwt. = 
35 Ih. of loaf sugar, at 1 s. 1 d» a lb. = 
28 Ib.^f rice, at 3 (1. a lb. = 
4 cwt. of raisins, at 2 1, 5 s. a cwt.= 

Amount, L42.. 8.. 11 
Received payment in full. John Grocer. 

§. How much cloth in 25 pieces, each measuring 27 yd. 
1 qr.? Ans. 681 yd. 1 qr. 

9. How much land in 9 fields, each containing 14 A. 
1 R. 25 sq. rd.? Ans. 129 A. 2R. 25 sq. rd. 

10. How many bushels of apples in 144 casks, each con- 
taining 3 bush. 3 pk.? Ans. 540 bush. 

11. Find the difference between 100 Julian, and 100 
Solar years. Ans. 18h. 40min. 



COMPOUND DIVISION, 

Is when the dividend consist of different denominations. 

RULE. 

1. Set down the divisor at the left hand of the dividend, 
as in Simple Division. 

2. Divide the highest denomination of the dividend by 
Che divisor, as in Simple Division, and the quotient will be 
a part of the answer, of the same denomination. , 

3. If there is any remainder after the division of the 
highest denomination, reduce that remainder to the next 
lower denomination, and add to it the given number (if any^ 
of this denomination in the dividend. Then diride this a 
mount by the divisor, as before ; and so proceed till the 
lowest denomination has been divided ; and the several 
numbers of the quotient, taken together^ will be the answer.* 

* To divide a'oumber consisting of several denominations by any sim- 
ple namber, is the same as dividing all the parts or members of which 
the compound nun^ber is composedf by the simple number. And this 
will be true when any of the parts are not an exact multiple of the divis- 
or ; for, by conceiving the number, by which it exceeds that multiple, to 
have its proper value by being placed in the next lower denomination, 
the dividend will stilt be divided into parts, and the true quotient fonndt 
as before: Thus 41/. 17 s. (id. divided by 6, will be the same as 36 /. 114 s. 
42 d. divided by 6, which is equal to 6 /. 19 s. 7 d , as by the Rufcle 
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Nate 1. — Each particular or partial quotient, and each 
remainder, will Be of the same deiH>miBation as the divi- 
dend. When the lowest* denomination of the dividend is 
not the lowest of its kind ; then, if there is a remainder af- 
ter the division of this denomination, it may be reduced to 
the next lower denomination, and then divided by the giv- 
en divisor ; and so on. 

Proof. — Compound Multiplication and Division prove 
each other. 

EXAMPLES. ' 

Money. 

1. Divide 244 Z. 17 s. Sd.byl4. 
Operation, 
^ L. s. d. L. s. d. 
14)244..17 .8(17 .. 9 .. 10 Quotient. 
14 14 



104 244.. 17 -.8 Proof. 
08 

Explanation* — I first divide the 244 pounds 

Rem. 6 by 14 ; and the quotient is 17 L, and 6 L re- 

20 main. The remainder I multiply by 20, to 

reduce it to shillings, and add to the product 

120 the 17s. of the given dividend, and the sum 

17 is 137 s. This sum I divide by 14, and the 

quotient is 9s. and Us. remain. The re- 

137(9 s. mainder I multiply by 12, to reduce it to 
126 pence, and add to the product the 8 d. of the 
dividend, and the sum is 140 d. This sum I 

Rem. 1 1 divide by 14, and the quotient is 10 d.; and as 

12 thi* is the lowest denomination of the given 

dividend, and nothing remains, the work is 

132 done. So the whole quotient,, or answer,' is 

8 17Z. 9 8. 10 d.— Then, to prove the work, I 

multiply the quotient by the divisor ; and the 

140(10d. produ ct being the same as the dividend, I con- 

14 elude the work is right. 



Note% — When the divisor does not exceed 12, the di- 
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vision may be perfonned after the manner of Short Divis- 
ion ; as in the 2d and 'M examples. 

(V . (.V 

L. s. d. L. s. d. q. 

4)14 ..9. .10 5;2.. 19..1..1 

q. 

Quot. 3..12..6..2 11..9..a| 

4.' Divide 73 Z. 16s. 9d. by 7. 

Ans. 10 Z. 10s. lid. 2fq. 

5. Divide 376Z. lis. 4d. by 11. Ans. 34Z. 4s. 8d. 

6. Divide 961 Z. 4 s. by 37. Ans. 25 Z. 19.s. 6d. 3q.+ 

7. Divide 97 Z. 6s. 8d. by 365. Ans. 5s. 4d. 

Weights and Measures. 

(8) (0) 

lb. oz. dr. yd. ft. in. 

4)59 ..15.. 4 5)14..!.. 8 

b. c. 

Quot. 14 ..15 ..13 2. .2. .8. .21 

10. Divide 280 miles, 4 furlongs, by 16. 

Ans. 17 m. 4. fur. 10 rd. 

11. Divide 570 yd. 2qr. 1 na. by 47. 

Ans. 12 yd. Oqr. 2na.+ 

12. Divide 2 acres and 10 sq. rods by 6. 

Ans. 1 R. 15 sq. rd. 

13. Divide 15 sq.ft. 120sq.in. by 12. 

Ans. 1 sq. ft. 46 sq. in. 

14. Divide 53 cords, 16 cub. ft. 1585 cub. in. by 7. 

Ans. 7Cd. 75 cub. ft 967 cub. in. 

15. Divide 69 gallons, 3 qt. by 8. 

Ans. 8 gal. 2^qt. 1 pt. 3 gil. 

16. Divide 51 bush. 3 pk. 6 qt. 1 pt. by 25. 

Ans. 2 bush. 2 qt. 1 pt. 

17. Divide 5 bushels by 8. Ans. 2 pk. 4 qt. 

18. Divide 365 days, 6 hours, by 12. 

Ans. 30 da. 10 h. 30min. 

19. Divide 4S. 5° .. 45' by 9. Ans. 13° .. 58' .. 20'. 

CONTRACTIONS. 

I. When the divisor exceeds 12, and is a composite num- 
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ber, you may divide successively by its companent parts, 
instead of the whole divisor at once. 

EXAMPLES. 

1. Divide 54 lb. 3 oz. lb. oz. 

Avoirdupois, by 24. 6^54 .. 3 



dr. 
6x4=24. 4;9..0..8 



Ans. 2..4..2 

2. Divide 275 Z. 16 s. by 32. 

Ans. 81, 12^1 s., or 8Z. 12 s. 4d. 2q. 

3. Divide 1285 acres and 32 sq. rd. by 144. 

Ans. 8 A. 3R. 28sq.rd. 

4. Divide 11426 bush. 1 pk. by 1320. 

12X11X10=1320. Ans. 8 bush. 2pk. 5qt. 

II. When the divisor is large, and is not a composite 
number J you may reduce the dividend to the lowest de- 
nonfHnation of which it consists, and then divide it by the 
divisor ; and the quotient will be the answer ; which may 
be brought into a higher denomination, if necessary. 

EXAMPLES. 

1. Divide 657 Z. 6 s. 11 d. by 79. 

657 Z. 6s. lld.=157763d.;and 157763+79=1997 d., and 
1997d.=8Z. 6s. 6d. Ans. 

Here, I first reduce the given dividend to pence, and 
find it to be 157763 d. I then divide those 157763 d. by 
79, and the quotient is 1997 d., which I reduce to pounds, 
and have 8Z. 6 s. 5 d. for the answer. 

2. Divide 505 Z. 8 s, by 57. Ans. 8Z. 17s. 4d. 

3. Divide 1541b. 8oz. 7 dr. Avoirdupois, by 379. 

Ans. 6 02. 8dr.+ 

4. Divide 506 yd. 2 ft. 9 in. by 711. Ans. 2ft. 1 in. 2b.c. 

Practical Questions, to exercise the learner in Com- 
pound Division and the preceding rules. 

1. An estate, valued at 8615 Z. 12 s. is L. s. 

to be divided equally among 4 heirs : 4^8615 .. 12 

What is each share ? » 

An^^53i.i8. 
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2. A certain house is worth 850 /., and L850 

I own f of it : What is my part worth? 3 



4;2550 

s. 

Ans. L 637 ..10 

3. If 75 bushels of wheat be worth 28 Z. 2 s. 6 d., what is 
the value of 1 bushel? Ans. 7s. 6d. 

4. If 8 cheeses weigh 162 lb. 8 oz., what is the average 
weight of each ? Ans. 20 lb. 5 oz. 

5. A farmer has three farms : the first contains 125 a- 
cres, 3 roods; the second 175 acres and 10 sq. f-ods ; and 
the third 200 acres, 2 roods, 18 sq. rods. He intends to 
divide these farms equally between his two sons : What 
will be the share of each son ? 

Ans. 250 A. 2 R. 34sq.rd. 

6. Bought 1101b. of cheese, for 21 10 s. 8d., and 1401b. 
more, for 3 L 14 s. 4 d. : What did the whole cost ix^e a lb.? 

Ans. 6d. 

7. If a man drinks 4 barrels of cider,f each 31i gallons,^ 
in a year, or 365 days, how much does, he drink in a day ? 

Ans. 1 qt. 3 gil.4- 

8. In48Z. 6s. how many guineas, at 21 shillings each? 

48 L 6 s.=966 s., and 966^21=46 guineas, Ans. 

9. How many moidores at 36 shillings each ; guineas at 
28 s., and pistoles at 22 s., are there in283Z. 16 s., and the 
number of each equal ? 

283 l. 16 s.=5676 s., and 36+284-22=86 : then, 5676-*- 
86=66, the Ans. 

10. If 11 s. 3d. sterling be equal to 2J- dollars, how much 
sterling money is equal to 1 dollar ? 

8. d. 

II.. 3 Here the divisor contains a frac- 

2 tion,and I perform tl>e division accord- 

ing to the rule given in the Supplement 

2ix2=5;22 6 to Simple Division. 

Ans. 4 .. 6 

11. The sun is about 95000000 miles from the earth, 
and a cannon ball, at its first discharge, flies about amile in 

^ 7it seconds : How long would a cannon ball be, at that rate, 
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in flying from here to the sun ? 

Ans. '^yr. 216 da. 12 h. 40min. 
12. Light moves with the wonderful velocity of about 
200,000 miles in one second of time. How long a time 
must it require for light to pass from Sirius, (onp of the 
nearest of the fixed stars,)to the earth^supposin'g the distance 
of Sirius from the earth to be 20,000,000,000,000 miles ? 
Ans. 3 years, 62 da. 9h. 46min. 40 sec. 

QUESTIONS ON TUE FOREGOING. 

1. What is Compound Addition ? 2. How are the num- 
bers to be written down ? 3. Which column is to be added 
first ? 4. What is to be done with its sum ? 5. How then do' 
we proceed ? 6. How is Compound Addition proved ? 7. 
What is Compound Subtraction ? 8. How are the numbers 
to be written down ? 9. How do we subtract when each 
part of the lower quantity is less tlian the corresponding 
part of the upper ? 10. How do we proceed when the lower 
number is greater than that above it? 11. How is Com- 
pound Subtraction proved ? 12. What is Compound Multi* 
plication ? 13. Where must the multiplier be placed ? 14. 
Which denomination of the multiplicand must be multiplied 
first ? 15. What is to be done with that product ? 16. How 
must the test of the work be performed ? 17. What ia 
Compound Division ? 18. How are the dividend and divi- 
sor to be placed ? 19,. Which denomination of the dividend 
must be divided first ? 20. If, after the division of this de- 
nomination, there is a remainder, what is to be done with 
it ? 21. How must the rest of the work be performed ? 22* 
How are Compound Multiplication and Division proved ? 



FRACTIONS. 

K fraction is an expression of some part or parts of a 
unit, or of something considered as a ibholc. When the 
unit, or integer, is divided into two equal parts, the parts 
are called halves ; when iitto three parts, thirds ; vfhen 
into four parts, fourths^ &c. 

Fractions arise naturally from the operatiopis of Divi;sioUy 
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110 INTRODUCTION TO WLOAR FRACTIONS. 

when the divisor is not contained some number of times 
exactly in the dividend. For the remainder after the di- 
vision is performed, is a part of the dividend which has not 
been divided ; the divisor being the number of parts into 
which the integer is divided, and the remainder showing 
the number of those parts expressed by the fraction. Thus, 
4 is contained in 9, t)po and one-fourth times, and the quo- 
tient cannot be fully expressed, except by a whole number 
and a fraction. 

Fractions are divided into two kinds, viz. Vulgar and 
DecimaL 

INTRODUCTION TO VULGAR FRACTIONS. 

Note, — I have thought proper to give, in this part of the 
Treatise, only some general definitions, and a few of the 
most useful problems in vulgar fractions. The other rules 
for vulgaf fractions will be given in a subsequent part of 
the Treatise. 

A vulgar fraction is represented by two numbers, placed 
one above the other, with a line between them ; as i, which 
signifies one-half; and ^, which denotes three-fourths. 

The upper number, or part, of any vulgar fraction, is 
called the numerator, and the lower number, the denomin- 
ator, and both numbers, or parts, are called the terms of the 
fraction.* 

The denominator, f which is the divisor in- division, J 
shows how many parts the integer is divided into ; and the 
numerator, (^ which is the remainder after division,^ shows 
how many of those parts are meant by the fraction. Thus, 
•^, (^read one-third,) shows that the unit is divided into three 
parts, and that one of those parts is to be taken ; and f , 
{'read four-fifths,) denotes that the unit is divided into five 
parts, and ihtit four of those parts are to be taken. The 
denoininator \s so called because it gives the name or de- 
nomination to the parts ; that is, it shows whether they 
are halves, or thirds, &c.; and the numerator is so called 
because it numbers the parts, or shows how many of them 
are to be taken. . 

* The denominator, instead of being put under tlie numerator, is some- 
times written after if, separated by a hyphen; thus, 1-2 lignifiei one* 
. M£t ipd 3 4 thret/QurtiiSf ^c, 
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INTRODUCTIOJjT TO VULGAR FRACTIONS. Ill 

A vulgar fraction is said to be in its least,, or lowest terms j 
when it is expressed by the least numbers possible. Thus, 
f , when reduced to its lowest terms is i ; and i^ is eqiial 
to f . 

A mixed number is co,mposed of a whole number and a 
fraction ; as 4i, or 7f , &c. 

PROBLEM I. 

To abbreviate or reduce fractions to their lowest terms, 

RULE. 

Divide the terms of the given fraction by any number 
that will divide each of them without a remainder, and set 
down the quotients in the form of a fraction. Then divide 
the terms of the new, or reduced fraction, in the same 
manner ; and so proceed until it appears that there is no 
number greater than 1 that will divide both the terms with- 
out a remainder ; and the fraction will then be in its lowest 
terms.* 

* It will not alter (be value of a fraction to multiply both terms by a 
tommon multiplier, or divide them by a common divisor, because both 
part& will b!e iocrestsed or diminished in the same proportion ; and hence 
the reason of this role is evident. 

Jfote l.-'Any number ending with an even number, or a cipher, is 
divisible, or can be divided, by 2. 

2. Any number ending with 5, or 0, is divisible by 5. 

3. If the two right band figures of any number be divisible by 4, (he 
whole is divisible by 4 ; and it the three right hand figures be divisible 
by 8, (he whole is divisible by 8 ; and so on. 

4 If the sum of the digi(s, constituting any numberi be divisible by 3, 
or by 9, the whole is divisible by 3. or by 9. 

5. If a number cannot be divided by some number less tlian the square 
root thereof, (bat number is a prime. 

6. All prime numbers, except 2 and 5, have 1, 3, 7, or 9 in the place of 
units : all other numbers are composite, 

7. When numbers, with the sign of addition or subtrac- 
tion between them, are to be divided by any number, 
then each of those numbers must be divided by it. Thus, 

4 ^ 4 4 

the numbers have the sign of multiplication between them, 

then only one of them must be divided. Thus, — .— -i " 

5X8X4=160; or^^ =^=160. ^ ./ 
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An« 


IX 


Alls* 


18' 


Ans. 


i. 


Ans. 


h 


Ans. 


-l\. 
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EXAMPLES. 

1. Reduce HJ to its lowest terms. 

2)!J}=U ; then, S)U=,^.j ; then, 2)^=^,, the Ans. 
Here, I first divide both terms of the given fraction by 2, 
and it gites J|. I then divide both terms of this fraction 
by 8, and it gives -i\ ; which I divide in like manner by 3, 
and it gives i ; and as the terms of this fraction cannot both 
be divided by any number greater than 1, the fraction is in 
its lowest terms, as required. 

2. Reduce fi to its lowest terms. ^ 

3. Reduce ^H to its lowest terms. 

4. Reduce H to its lowest terms. 
6. Reduce \l^ to its lowest terms. 

6. Reduce ^J to its lowest terms. 

7. Abbreviate -|V,t as much as possible. 

8. Express iV«V by the least numbers possible. 

Ans. •^. 

9. Reduce %m to its lowest terms. Ans. ih 
Note, — Throughout the rest of this Work, where the 

answers to questions contain vulgar fractions, they are re- 
duced to their lowest terms. 

PROBLEM II. 

To find the value of a fraction of any of the higher denom- 
inations of Money, or Weight, ^-c, in whole numbers 
in the lower denominations. 



]\lultiply the numerator of the given fraction by the num- 
ber which 1 of that denomination, makes of the next lower, 
and divide the product by the denominator : If there is a 
remainder, reduce it in like manner to the next lower de- 
nomination, and then divide it by the denominator, and so 
on. Then the several quotients will be the answer, 

EPAMPLES. 

1. What is the value, or Operation. 

proper quantity, of If of 13 Numer, 

a feot ? 12 in.=l ft. 

[Carried up. 
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INTRQl^WJTION TO TVI^CAR FRACTIONS. 113 

[Brought up.] 

Denom. 

18)156(8 in^ 
144 

12 Rem- 
3 b. c.=l.in. 

36(2 b.c. 
Ans. 8 inches, 2 barley-corns. 36 

U, What is the value of f of a pound sterling ? 

Ans. 13 s. 4d. 

3. What is the valoie of f of a shilling? 

Ans. 4d. 2q., or 4Jd. ^ 

4. Reduce i of a lb. Avoirdupois, to its proper quantity* 

Ans, 12 oz, 12t^dr. 

5. Reduce f of a mile to its proper quantity. 

Ans. 6 fur. 26 rd. lift. 

6. Reduce f of an English ell to its proper quantity. 

Ans. 2qr. 3ina. 

7. Reduce f of an acre to its proper quantity. 

Ans. 3R. 8sq. rd. 

§. Reduce f of a cord of vjrood to its proper quantity. 

Ans. 85 cub. ft. 576 cub. in. 

9. How much is f of a barrel of wine? Ans. 27 gaL 

10. What is the value of i of a week ? Ans. 1 day, 18 h. 

PROBLEM III. 

To reduce any given quantity to the fraction of a higher 
denomination of the same kind. 

RULE. 

Reduce the given quantity t© the lowest denomination 
or term mentioned in it, for a numerator ; ,then reduce the 
Integral part to the same term, for,a.denominaton ; and you 
will have the fraction required. , 

EXAMPLES. 

JL Reduce 5 furlongs, 8 rods, tor the fraction of a male. 
J2 

Digitized by VjOOQIC 



Ii4 INTRODUCTION TO VULGAR FRACTIONS 

Operation, 

fur. rd. 1 m. 

5. .8 8 

40 — 

8 fur. 

Numer. 208 rods. 40 

Ans. |?i=i^ m. Denom. 320 rods. 

Here the lowest denomination in the given quantity is 
rods, and therefore I reduce the quantity to rods, for a 
numerator. Then, because the quantity is to be reduced 
to the fraction of a mile, 1 mile is the integer ; which I re- 
duce to rods, for a denominator. Then I place the numer- 
ator over the denominator, and the fraction is f^- ; which 
I reduce to its lowest terms, by Prob. I., and have f^ for 
^he answer. 

2. Reduce 13 s. 6d. 2q. to the fraction of a pound. 

A lib. 9 g u — a b *• 

3. Reduce 4d. 2q. to the fraction of a shilling. 

Ans. f s. 

4. Reduce 8 oz. 12 dr. to the fraction of a pound, Avoir- 
dupois. Ans. 1^4^ lb. 

5. Reduce 2 ft. 9 in. 1 b. c. to the fraction of a yard. 

Ans. f 7 yd. 
p. What part of a yard of cloth is 2 qr. 2 na.? 

Ans. f yd. 

7. What part of an acre is 3 roods, 8 sq. rods ? Ans. f . 

8. What part of a cord of wood is 85 cub. ft. 576 cub.in. ? 

Ans. f. 

9. What part of a week is 1 day, 18 hours? Ans. i. 
|0. What part of a degree is 20min. 40 sec? Ans. ii. 

QUESTIONS ON THE FOREGOING. 

1. What is a fraction? 2. How are fractions produced? 
3. How many kinds of fractions are there? 4. How is a 
vulgar fraction represented ? 5. What are the upper and 
lower part's of any vulgar fraction called? 6. What does 
the denominator denote ? 7. What does the numerator de- 
pote? 8. What is a mixed number? 9. How do we reduce 
a fraction to its lowest terms? 10. How do we find the 
value of a fraction of a higher denomination in^wholejnum■^ 
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hers in a lower ? 1 1 . How do we reduce any quantity to 
the fraction of a higher denomination ? 



DECIMAL FRACTIONS. 

A Decimal Fraction^ is a fraction whose denominator is 
a unit (1), with a cipher or ciphers annexed ; asT*^, 1^77, 

1 oy> wL/t/. 

As the denominator of a decimal fraction is always 10, 
or 100, or 1000, &c. it need not be expressed ; for the nu- 
merator only may be made to express the value of the frac- 
tion ; For this purpose it is only required to write the 
numerator with a point before it at the left hand, to dis- 
tinguish it from a whole number, when it consists of so 
many figures as the denominator has ciphers : So, -^ is 
written thus .5, and iVo thus .45. But if the numerator 
has not as many places as the denominator has ciphers, then 
ciphers must be prefixed to make up that number of places : 
So, xf o» must be written thus .05, and to^tj thus .007, Ac. 
Thus do these fractions receive the form of whole numbers. 

Any decimal may be expressed in the form of a common 
fraction by writing under it its proper denominator, (^viz. 
a unit with as many ciphers annexed as there are figures in 
the given decimal,^ rejecting from the numerator the de- 
cimal point, and also the ciphers, if any, to the left hand of 
the significant figures. Thus, .75, expressed in the form of 
a common fraction, is -^^ ; and .027, is xTot* 

When a whole number and decimal parts arc expressed 
together, in the same number, it is called a mixed nutnher. 
Thus, 25.48 is a mixed number, 25. , or all the figures on 
the left hand of the decimal point, being whole numbers, 
and .48, or all the figures on the right hand of the decimal 
point, being decimals. 

The point pre£xed to decimals is called the separatrix, or 
the decimal point. This point must never be omitted; be- 
cause, without it, decimalskand mixed numbers cannot be 
distinguished from whole numbers. 

Decimals are numerated from left ta right, f wl|ich is 
contrary to the way of numerating whole* numbers?^ and 
each figure takes its value by its distance from the unit's 
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* 

place : If it be in the firj*t place after units, f viz. in the first 
place to the right hand of the decimal poiut,^ it signifies 
tenths; if in the second place, hundredths; and so on. 
For in decimals, as well as in whole numbers, the values 
of the places increase towards the left hand, and decrease 
towards the right, both in the same tenfold proportion ; as 
in the following 

TABLE. 



.«-! OS 

•is w • 

.6 read 6 Tenths. 

.0 5 ..5 Hundredths. 

.0 2 5 .... 25 Thousandths. 

.6842 .... 6842 Ten-Thousandths. 

4.0 9 8 .. .. 4,and 98 Hund. Thousandths. 
4 8.1 2 6 8 4 9 .. .. 48, and 126849 Millionths. 
5 9 1.0 8.. ..591,and8Ten-Millionths. 
Integers. Decimal parts. 

Ciphers placed at the right hand of a decimal do not alter 
its value, since every significant figure continues to pos- 
sess the same place : So .5, .50, and .500, are all of the same 
value, each being equal to -i\, or i. Therefore, when there 
are ciphers at the right hand of any decimal fraction, they 
may be omitted. 

But ciphers placed at the left hand of decimals, decrease 
their value in a tenfold proportion, by removing them far- 
ther from the decimal point : Thus .5, .05, .005, &c. are 
~fe ToT> ToVo5 A'C" respectively. It is therefore evident 
that the value of a decimal fraction, compared with another, 
does 9ot depend upon the number of its fibres, but chiefly 
upon the value of its first left hand figure : for instance, a 
fractiom.»beginning with any figure less than .9, such as 
.89978, dDc, if extended to an infinite number of figures, 
will not equal .9 or -h* , '^ "'' '^ ^oogie 
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Decimals are read in the same manner as whole numbers, 
giving the name of the lowest denomination, or right hand 
figure, to the whole. Thus, .7854,( the lowest. denomina- 
tion, or right hand figure, being ten-thousandths,^ is read, 
7854 ten-thousandths, ^ 

ADDITION OF DECIMALS. 



Place the numbers, f whether pure decimals or mixed 
numbers,^ according to the values of their places, so that 
the decimal points shall stand exactly under one another, 
and then proceed as in addition of whole numbers, only- 
taking care to put the decimal point in the sum exactly un- 
der those in the numbers added. 

Note. — The methods of proving Addition, Subtraction, 
&c., of Decimals, are the same as in whole numbers. 



BXAMFLES. 



1. Required the sum of 
.4123+ .25+ 27.5+ 548+ 
.028? 



(V 

31.47 

480. 
1.76 
.007 





.4123 




.2.5 




27.5 




848. 




.028 


An«. 


876.1903 


w 


rs; 


.86 


.4 


.415-* 


5.782 


J&f&. 


7.808 


.97 


.01 



513.237 7.498 2.330 14.000 



* As decimals increase from right to left, and decrease from left to 
right, in the same tenfold ratio as wiioie minrf^ers, it is <*vi^iit that Addi- 
tion and Subtraction of Decimals may be performed in the same manner 
as in whole numbers, if care be taken to write down the decimals in such 
a manner that tenths nhall stand under tenths, hundredths under hun- 
dredths, &.C. llios, the sum of .6 and .4 13 evidently .9 ; and tte differ- 
ence between 8 and .3 is .5. / i 
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118, SUBTRACTION AND MULTIPLICATION OF DECIMALS. 

6. What is the sum of 429+21. 37+355. 1+1. 07+1. 7? 

Ans. 808.24 

7. What is the sum of 972+20+ 1.75+.71 64+65.4? 

Ans. 1059.8664 

8. To .9 add one-tenth part of a unit. . An^. 1. 

SUBTRACTION OF DECIMALS. 

RULE. 

Place the subtrahend under the minuend, so that the 
decimal points shall be one under the other, and then pro- 
ceed as in subtraction of whole numbers, only putting the 
decimal point in the remainder under those of the other 
numbers. 

EXAMPLES. 

1. From 52.18 N. B. There being no figure a- 

take 7.459 bove the 9, from which to subtract, 

I suppose a cipher. 

Rem. 44.721 

(2) (3) (4) 

From .5075 67.21 42. 

take .42 . .1875 .725 



Rem. .0875 



5. From 270.2 take 75.4075 Ans. 194.7925 

6. From 27.8 take 27.75 Ans. .05 

7. From 5.4 take 1.4 Ans. 4. 

8. From a unit, or 1, take the hundredth part of itself. 

Ans. .99 

MULTIPLICATION QF DECIMALS. 

RULE.* 

Place the factors, and multiply them together, as in 

* The reason of this rule will be easily understood after Ibe student 
has b<)cofDe acqnaiated with the method* of multiplying vulgar fractions 
together. In Multiplication of Vulvar Fractions, we multiply together 
the numerators, for 'a numerator, and the denomiua^pj^^^a denomio- 
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whole numbers. Then point off' in the product just as 
many decimal places as there are in both factors ; and if 
the product has not so many figures, supply the defect by 
prefixing ciphers. 

EXAMPLES. I 

1. Multiply .0127 by .25 

Operation. Here I multiply 127, the significant 

.0127 figures of the multiplicand, by 25, and 

.25 . get 3175 for the figures of the product ; 

but, as there are four decimal places in 

635 the multiplicand, and two in the multi- 

254 plier, there must be six decimal places 

— ' in the product ; and therefore I prefix 

Prod. .003175 two ciphers to the product, to make up 
that number of places. 

2. Multiply 24.72 by 1.4 Ans. 34.608 

3. Multiply .7^5 by .0027 Ans. .002119^ 

4. Multiply 284 by .07 Ans. 19.88 

5. Multiply .0582 by 21. Ans. 1.2222 

6. Multiply 7.528 by 120. Ans. 903.36 

7. Multiply .0025 by .03 Ans. .000075 

8. Multiply 26.4 by 1.25 Ans. 33- 

CONTRACTION I. 

When it is required to multiply a decimal, or a mixed 
number, by 10, or 100, or 1000, ^c, it may be performed 
by merely removing the decimal point in the multiplicand 
as many places farfiier to the right hand as there are ci- 
phers in the multiplier ; annexing ciphers to the multipli- 
cand, when necessary. 

So, 475.87x10=4758.7 
And 21.7x100=2170. 
And 87.5x1000=87500. 



ator ; aiitl Ihe fractioDy thus obtained, is (be product rcqaired. In Mul- 
tiplication or Deciooals, the operation is, in effect, the same, only tl)e 
denominators of the fractions are omitted; and it is evident that (be 
product of the numerators, or given decimals, ought to contain just as 
many places of decimals as there are in both factors, because the product 
of the denominators would contain that number of ciphers. 
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190 MULTIPLICATION OF DECIMALS. 

CONTRACTION II. 

To contract the operation^ so as to retain only\ as many 
decimal places in the product as may be necessary^ when 
the whole product would contain several more places. 

Rule. — Count off, after the decimal point in the multi- 
plicand, (annexing ciphers if necessary,) as many figures 
of decimals as it is necessary to have in the product. Be- 
low the last of these, write the units figure of th(e multiplier, 
and set down its other figures in a contrary order to what 
they are usually placed in. "then, multiply by each sig- 
nificant figure of the multiplier thus inverted, neglecting 
all the figures of the multiplicand to the right hand of the 
multiplying digit, except to find what is to be carried ; and 
place all the partial products so that their right hand figures 
may stand in the same column. Lastly, add together these 
partial products, and point off the assigned number of de- 
cimal places in the sum, and you will have the product 
required.* 

|r3* In carrying from the rejected figures of the multi- 
plicand, always take what is nearest the truth, wh'ether it 
be too great or too small ; that is, when the product or 
amount is from 6 to 14 inclusive, carry 1 ; when it is from 
15 to 24, carry 2; when from 25 t9 34, carry 3; &c. 

EXAMPLES. 

1. Multiply 27.149863 by 92.4105, so as to retain only 
four decimal places in the product. 

*Tbe reason of this method of confraclion will appear by multiplyioe 
together, in ihecomiuoo way, (he factors given in Ihe first example, and 
then comparing the operation with the contraction ; as follows : — 

27.149863 The figures which are here cut off at the 

92.4105 right hand, 6y the per|)endicular line, are 

omitted in the contracted way ; and the last 

> 7493 Id product hric is Ihe first there; and hence the 

\ 98ft3 reason of inverting f /in order of the figures of 

) 462 the multiplier, and of placing Ihe several par- 

^ 26 tiaJ products «s directed ia the rule, is obvious. 



135 

2714 

108599 

642997 

24434876 



7 



2608.9324 147616 
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Operation. Expla. — Under the multiplicand I 

27.149863 write the multiplier with the order of 

5014.29 its figures inverted ; taking care to 

place them so that the units figure of 



24434877 the multiplier, (viz. 2,) stands under the 

542997 fourth decimal figure of the multipli- 

108699 cand. Then, I multiply the figures 

2715 27.14986 by 9 ; the figures 27.1498 by 

136 2; the figures 27.149 by 4 ; the figures 

27.14 by 1, and the figures 27 by 5; 



2508.9324 Ans. carrying from the figures rejected, and 
setting down the several partial pro* 
ducts as directed in the rule. Lastly, I add these partial pro- 
ducts together, and point oft* four decimal places ia the sum. 

2. Multiply .6479 by .07658, .6479 
and retain only three decimal 85670. 
places in the product. 

45 Prod, by 7. 
- 4 Do. by 6. 

.049 Ans. 

3. Multiply 56.7534916 by 5.37692, and retain only 
five decimal places in the product. Ans. 305.15899 

4. Multiply .8274 by 5.214, and retain only three de- 
cimal places in the product. Ans. 4.313 

DIVISION OF DECIMALS. 



Place the divisor and dividend as in division of whofc 
numbers. Then see whether the dividend contains as many 
places of decimals as the divisor ; and if it does not contain 
as many, supply the deficiency by annexing ciphers ; and 
always annex as many ciphers to the dividend as may be 
necessary to make it contain the divisor. Then divide as 
in whole numbers ; and point off in the quotient as many 
places for decimals as the decimal places in the dividend 
exceed (in number) those in the divisor ; taking care when 
the quotient does not contain so many figures to supply the 
defect by prefixing ciphers. 

Note 1. — When there is a remainder after the division 
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122 DIVISION OF DECIMALS^ 

of the dividend, the operation may be carried on as much 
farther as may be necessary, by annexing ciphers to the 
remainders, and dividing as usual.* It will be best always 
to place the decimal point in the quotient immediately after 
diviiding the given dividend, or that first set down ; and 
then, if there is a remainder, the quotient may be carried 
on farther, if necessary. 

Note 2. — The reason of pointing off so many decimal 
places in the quotient as those in the dividend exceed those 
in the divisor, Vill easily appear; for, since the quotient 
multiplied by the divisor gives the dividend, therefore the 
number of decimal places in the dividend is equal to those 
in the divisor and quotient, taken together, by the' nature 

* By proce^eding in this manner, the division will i^onietiines soon tur* 
minate without a remainder ; but, in many cases, there will be a remain- 
der left if the qnolient is extended to ever so many places of decimals. 

A decimal which cannot be exactly expressed, but which may he con 
tiiHied to an unlimited number of figures, is caUed an interminale decimal^ 
to disiingui^h it from others, which in respect of it, are called terminate. 
An inlerminate decimal which is expressed either by the continual re{ie- 
tition of the same figure, or of the number expressed by two or more 
figures, Is called a periodiccd or circulating decimal ; and (he figure, or 
number, so repeated, is called the period. Thus, the decimals .333, &,c., 
.6454, &c are periodical decimals, the period in (he former consisting of 
one figure, and that in the latter of (wo figures. A periodical decimal is 
said to be mixed, if it consists of one or more figures prefixed to a period- 
ical part; others are called pure. Thus, the decimals .333, he, .5454, 
&c , are pure perioiiicals ; and the decimals .833, &c., .12436436, he. are 
mixed. For the sfike of brevity, in writing decimals of this kind, it wilt 
often be sufficient to write (he period bu( once,aQd to denote its continu- 
ation by placing a point or dot over the first figure of (he period, and an- 
other over the Inst figure, or one over the repeating figure, if there be 
but one figure i6 the period* Thus, .4733, &c., may be expressed by 

.473, and .5637637, fee*, by .5637 

As periodical decimals often orcnr in the division of decimals, it may 
be proper (o show (he learner how (be exact values of (hem may be de- 
termined, when necessary. 

To find the value of a pure periodical decimal ; (ake the period for a 
numerator, and as many nines as there are figures in the period, for a 
deoominalor ; and you will have a vulgar fraction equivalent to (be 
given decimal. 

Thus, .8181,&c.=|i=-A-; .297=111=^^; .3=f =1-, and 

.9=?=1. 

To find the value of a mixed periodical decimal; from the number ex- 
prebi'ed by (he fiiirte part uilh the period annexed, subtract the finite 
part for the numerator ; and, for the denominator, to as ma»y nines as 
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PIVI6I0N OF DECIMALS. 123 

of multiplication; and consequently the quotient itself 
must contain as many Bs the dividend exceeds the divisor. — 
When the dividend contains just as many decimal places 
as the divisor, the quotient will evidently be a whole num- 
ber, 

EXAMPLES. 

1. Divide .0008625 by .0345 

Operation. Here I divide 8625, the sig- 

.0345).0008625(.025 Ans. nificant figures of the dividend, 

690 by 345, the significant figures 

of the divisor, and the quotient 

1725 is 25. Then, to find where the 

1725 decimal point must be placed 

in the quotient, I count the de- 
cimal places of the divisor, and find them four ; and then 
count the decimal places of the dividend, and find them 
seven, that is three more than those of the divisor. There 

there are figures in the period, a&nex as many ci^thera aa there are figures 
in (he finite pari. 

Thus, to fmd the value of .83; from 83 take 8, and there 
will remain 75, and the required fraction is ff , or f . In 
like manner, to find the value of .2630i, we have fpr nu- 
merator 26301—26=36275, and for denominator 99900 ; 
and hence the required fraction is fit ^> or iJii. 

Bjr the method thus shown, intermioate decimals may t>e reduced to 
vulgar fractions, and subjected lo the rules for managing such quantities. 
Unless when complete precision is required, however, this is not neces- 
sary : and indeed in all useful cases, their values, instead of heing found 
with entire accuracy, are to be approximated, by carrying the decimals 
out to as many figures as may be necessary in a particular case. 

fn the application of decimals to practical purposes, It is generally 
known, from the nature ot the case under consideration, to how many 
places it is necessary that the result should be true. When a result is 
thus required to be (rue lo nn assigned number ot places of decimals, it 
is proper to carry (he decimals which consist of more places, (o at least 
one place beyond the assigned number, and to reject the last figure. In 
(his case, it is proper to observe, that when a decimal is not carried out 
lo Its full length, the last figure of the part retained should be increased 
by 1 if the gucceedingx figure be 5 or greater than 5. Thus, if we would 
reject the two last figures of (he decimal .47263, it is proper lo increase 
(i]«4 third decimal figure by I ; which being done, and (he (wo tas( figures 
rejected, (be decimal is .473, which is nearer the value of the given de* 
cimal than .472 is. 
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124 DIVISION OF DECIMALS. 

must, therefore, be three decimal places in tlie quotient ; 
and so I prefix a cipher to the quotient to make up that 
number of places, and place the decimal poitit before it. 
2. Divide 8.6 by 2.718 

2.718)8.600(3.164+ Quotient. 

8 154 Here, I annex two ciphers to the giv- , 

en dividend, to make up as many de- 

4460 cimal places in it as there are in the 

2718 divisor. After the division of this div- 

idend, there is a remainder, and I carry 

17420 on the operation farther, according to 

16308 Note 1. 



11120 
10872 



248 

3. Divide 17.1 by 8. 

8)17.1 Here, after dividing 17.1 by 8, there 

is a remainder, and I suppose ciphers to 

Quot. 2.1375 be annexed to the dividend, and contin- 
ue the operation till nothing remains.' 

4. Divide 8564.825 by 63.21 Ans. 135.49+ 

5. Divide 56.7 by .7 ' Ans. 81. 

6. Divide 246.1 by 6.0427 Ans. 40.72+ 

7. Divide 7.25406 by 957. * Ans. .00758 

8. Divide 76 by .7438 Ans. 102.17+ 

9. Divide 65.8 by 1.2 Ans. 54.833,&c. 
10. Divide 27 by .05 Ans. 540. 

CONTRACTION I. 

Whsn the divisor is an integer, with any number of 
ciphers on the right hand ; cut off those ciphers, and re- 
move the decimal point in the dividend as many places 
farther to the left as there are ciphers cut oiFfrom the 
divisor ; prefixing ciphers to the dividend, if necessary : 
then divide the dividend by the remaining part of the divisor, 
as usual. 

EXAMPLES. 

1. Divide 7.14 by 7400. Digged by Google 
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74,00).0714(.00096+ Quotient. 
(560 



480 
444 



36 

2. Divide 485.2 by 1780. Ans. .272+ 

3. Divide 45.5 by 2100. Ans. .021 + 

4. Divide 7.8 by 8000. Ans. .000975 
Note.— When the divisor is 10, or 100, or 1000, &c., the 

quotient may be found by merely removing the decimal 
point in the dividend as many places farther to the left as 
the divisor has ciphers; prefixing ciphers, if necessary. 
So 21. 4^10-2. 14; and .54^100^.0054; &c. 

CONTRACTION II. 

To contract division when there are many figures in the 
divisor, and it is required to find only a certain number 
of figures in the quotient. 

RULE 1. 

1. Take as many of the left hand figures of the divisor 
as will be equal to the number of figures (both integers and 
decimals) required to be found in the quotient, and find 
how many times they may be had in the first figures of the 
dividend, as usual. 

3. Let each remainder be a new dividual, and for every 
such dividual reject one figure more from the divisor ; and 
in making out each subtrahend, carry frofn the figures cut 
off from the divisor, as in the 2d contraction in Multipli- 
cation of Decimals. 

Note 1. — When there are not as many figures in the gir^n 
divisor as are required to be in the quotient, begin the op- 
eration with all the figures, as usual, and continue it until 
the number of figures in the divisor and those remaining to 
be found in the quotient are equal ; after which use the 
contraction. 

Note 2. — To know where to place the decimal point in 
the quotient ; find, by the general rule for dividing deeim* 
als, the value, or place, of the first quotient figure, and you 

K2 
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126 DIVISION OF DECIMALS. 

will then know where the deeimal point must be placed. ' 

EXAMPLES. 

1. Divide 2508.9324 by 92.4105, so as to have only 
three decimal places in the quotient, in which case the 
quotient will contain five figures. 
Operation, 

92.410,5)2508.93,24(27.149 Quotient. 
184821 



92.41)66072 N. B. I have set down every 

64687 divisor, in order to explain the 

work ; but you need only put a 

92*4)1385 dot over every figure rejected, 

.924 as you proceed, to show that it is 

omitted. 

92)461 
370 

9)91 
83 

8 

2. Divide 4109.2351 by 230.4091, so as to have six 
figures in the quotient. Ans. 17.8345 

3. Divide 37104.36 by 57.1396, so that the quotient may 
contain seven figures. Ans. 649.3633 

4. Divide 913.08 by 21372, so that the quotient may 
contain four places of decimals. Ans. .0427 

RULE 2. 

Take, for a defective divisor, one or two more of the 
left hand figures of the given divisor than the number of 
figures required to be found in the quotient, and divide the 
dividend by this defective divisor, as usual. 

Note. — When any of the figures rejected from the divi- 
sor are integers, then you must remove the decimal points 
in the divisor aiid dividend, or suppose them to be removed, 
as many places farther to the left as there are integral* 
j^ures rejected from the given divisor. 
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EXAMPLES. 

- 1. Divide 721175.63 by 222674.12, so as to have only 
hree figures in the quotient. 

Operation, 
22257,4.12)721 175.62( 

22257)72117.562(3.24 Quotient. 
66771 



-r: Here, because I cut off 

53465^ one integral figure from 
44514 the divisor, I remove the 
decimal point in the div- 

89516 idend one place to the left. 

89028 



488 

2. Divide 250.8928 by 92.41052, and find only three 
figures in the quotient. Ans. 2.71 

3. Divide 12.169825 by .031415926, so as to have four 
figures in the quotient. Ans. 387.3 

FEDERAL MONEY. 

Having explained the nature of decimal fractions, and 
given rules for adding, subtracting, multiplying, and divid- 
ing decimals, I shall now proceed to show the application 
of those rules to the currency of the United-States, usually 
denominated Federal Money. 

The denominations of federal money increase, from the 
lowest to the highest, in a tenfold ratio, like whole num- 
bers and decimal fractions. The denominations are as 
follows : 

10 Mills (m.) = 1 Cent, c. or ct. 

10 Cents = 1 Dime, dm. 

10 Dimes, or 100 cents,= 1 Dollar, D. or $. 

10 Dollars = 1 Eagle, E. 

There are coins of all these denominations, excepting that 
</f mills, which is merely nominal. 

As all the denominations of federal iponey increase in a 
tenfold ratio, like whole numbers, it is very obvious that 
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128 F£D£RAL MONEY. 

the value of any sum of federal money consrsting of sever- 
al denominations, may be expressed in the lowest denom- 
ination mentioned, by writing the numbers of the several 
denominations one after another, in regular order, begin- 
ning with the highest, and placing the figures so tJiat they 
may b^ read as one whole number. Thns, 17 eagles, 5 
dollars, 6 dimes, 2 cents, and 8 mills, are equal to 175028 
mills. In writing down sums of federal money in this man- 
ner, if any denomination between the highest and lowest, 
mentioned in the given sum, be wanting, a cipher must be 
written in its place : Thus, 6 dollars and four cents, are 
equal to 604 cents ; and 7 dollars and 5 mills, are equal to 
•7005 mills. — It is also evident, that if the number of any 
one denomination be considered so many units, the lower 
denominations will be decimal parts of a unit, and may 
therefore be expressed like other decimal fractions. So, 
8 eagles, 4 dollars, 6 dimes, 7 cents, and 5 mills, arc equal 
to 8.4675 eagles,=:84-675 dollars,=846.75 dimes,-8467.5 
cents,=:84675 mills. 

In reckoning in federal money, dollars are considered as 
units or integers, and parts of a dollar, as decimal parts of 
a unit: So, 5 dollars, 8 dimes, 4 cents, 2 mills, are written 
thus, $5,842; and 7 eagles, 2 dollars, and 4 cents, thus, 
$72.04; &c. Hence, Addition, Subtraction, Multiplication, 
and Division of Eederal Money, are performed by the 
foregoing rules for decimal fractions. 

Eagles are usually considered as tens of dollars, and 
dimes as tens of cents ; and the names of eagles and dimes 
are seldom mentioned ; accounts being kept in dollars, 
cents and mills, or more frequently in dollars and cents 
only, the mills being usually considered of too little value 
to be retained. So, $27.57, is read thus, twenty-seven 
dollars and fifty-seven cents, or twenty-seven dollars and 
fifty'Seven hundredths ; and $.254, thus, tiocnty-five cents, 
four mills, or two hundred fifty-four thousandths of a 
dollar. 

Id* In writing down parts of a dollar in the decimal 
form, always remember to prefix a cipher to the cents when 
the number is less than 10, and two ciphers to the mills, 
when the fractional part of a dollar consists of any number 
of mills less than 10. So, write 7 dollars and 4 cents thus, 
$7.04; and 14 dollars and 5 mills thus, $14,005. 
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ADDITION AND SUBTRACTION OF FEDERAL MONEY. 129 

Examples in Addition of Federal Money, 

■ 1. Find the amount, or total $58.89 

sum, of 58D. 89c.+9D. 5c.+ 9.05 

14 D. 8in.+98c. 7m. 14.008 

.987 



Ans. $82,935 

2. Bought a hat for 5D.; a vest for 2D. 12c. 5 m.; a 
coat for 15D.; and a pair of boots forOD. 50 c.: What 
did they all cost? Ans. $28,625 

3. Bought a quantity of goods in New- York for 575 D. 
62 c. 5 m.; paid for carting the goods to the dock 1 D. 
25c.; for freighting the same to Bridgeport 5D 7 c.; for 
carrying the same to New-Milford 5D. 25c.; and my own 
expenses were 10 D. 12c. 5 m.: How much do the goods 
stand me in at New-Milford ? Ans. $597.32 

4. Suppose I am indebted 

To A twenty-six dollars, fifty cents, 

B forty-eight cents, 

C sixty dollars, four cents, five mills, 

D nine dollars and five mills, 

E two hundred dollars : 
How much is the amotmt of my debts? Ans. $296.03 

Examples in Subtraction of Federal Money, 

1. From 85 D. subtract $86. 

4D. 8 c. 2m. 4.082 



Ans. $80,918 

2. A merchant bought a quantity of goods for 485 D. 
50 c., and afterwards sold the same for 557 D. : how much 
did he gain by the sale ? Ans. $71.50 

3. Suppose theefiects of a bankrupt amount to $2000, 
and he owes to A 1250D.; to B 875 D. 78c.; to C 271 D. 
18c.; and toD 40 D. 75c.: What is the deficiency? 

Ans. $437.71 

4. From twenty-one cents take three mills. 

Ans. $ .207, or 20 c. 7 m. 

5. A has an account against B, to the amount of one 
hundred dollars and ten cents ; and B pays him forty-two 
dollars twelve and a half cents in cash, and agrees to give 
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his note for the remam(ler-*-for what sum must the note 
he drawn? Ans. $57,975 ^ 

Examples in I^ultipUcation of Federal Money. 

1 . Multiply 58 D. 5 c. $ 58.05 

by 7. 7 



Ans. $406.35 

2. Multiply 72 D. by .12 Ans. $8.64 

3. What do 20 barrels of flour amount to, at 5 D. 25 c. 
per barrel? $5.25x20=$ 105, Ans. 

4. What do 174 bushels of wheat amount to, at 1 D. 20 c. 
a bushel? 174x$ 1.20!=$ 208.80, Ans. . 

5. What is the value of 48.75 acres of land, if each acre 
be worth 15 D. 25 c.? 

Ans. $743.4375, or 743 D. 43 c. 7.5 m. 
Note, — When there are figures to the right hand of the 
place of mills, they are decimal parts of a mill, and of too 
little value to be retained in ordinary calculations. 

Questions, . Answers, 

What is the value of $ $ 

97 pieces of cloth, at 9.87 a piece ? 957,39 

155 yards of muslin, at -755 a yd.? 117.025 

175 yards of broadcloth, at 5.08 si^yd.? 889. 

8.5 1b. of tea, at .875 a lb.? .7.437+ 

27.251b. of butter, at .125 a lb.? 3.406+ 

284 lb. of cheese, at .065 a lb.? 18.46 

180 oranges, at .025 each? 4.50 

48 pairs of shoes, at 1.625 a pair ? 78. 

4.567 cords of wood, at 2.80 a cord? 12.787+ 

15. Find the amount of the articles in the following bill. 

New-York, ' 

Jacob Wanzer, Bought of John Merchant, 

$ 
24 pieces of Irish linen, at 7.65 a piece, 
fO do. blue satin, at 7. a piece, 

23 yards of durant. at .45 -a yd. 

14 do. book muslin, at .78 a yd. 

19 do. black calimanco, at .39 a yd. 



Amount, $282.28 
Received payment. Jg^m^rcKant, 
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Examples in Division of Federal Money, 

1. If254 dollars be divided . f 
equally among 4 men, how 4)2M. 
much will each man receive ? 



Ans. $63.5 
Or 63 D. 50 c. 

Note, — When there is only one decimal figure in the 
quotient, (^ found by dividing any number of dollars,^ it is 
dimes, or tenths of a dollar ; and, to reduce it to cents, a 
cij3her must be annexed ; as in the foregoing example. 

% Bought 250 lb. of cheese, for 16 D. 25 c.: what did it 
cost me a pound ? 

$ 16.25-^250=$ .065=6 c. 5 m.=6 J c. Ans. 

3. If a contribution of $27000 is to be made up in equal 
shares, by 625 persons, how much must each contribute? 

Ans. $43.20 

4. Suppose a man labors a month for 12 D.; how much 
does he have a day ; there being 36 working days in a 
month? Ans. 46c. 1 m.+ 

5. The canal of Languedoc, in France, is 180 miles long, 
and cost $ 2400000 : how much is that per mile ? 

Ans. $13333.33+ 

6. The salary of the President of the United-States is 
$ 25000 a year : how much is it a day, allowing 365.25 days 
to make a year? Ans. $ 68.446+ 

7. Bought a quantity of wheat, at $1.25 per bushel, which 
amounted to $375. How many bushels of wheat did I buy? 

Ans. 300 bush. 

REDUCTION OF DECIMALS. 

CASE I. 

To reduce a vulgar fraction to its equivalent decimal. 

RULE. 

Divide the numerator by the denominator, as in division 
of decimals, and the quotient will be the decimal fraction 
required. 
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132 REDUCTION OF DECIMALS. 

EXAMPLES. 

1. Reduce i to it9 equivalent 8)1.000 
decimal. . 

Ans. .125 

Note, — In dividing after the manner of short division, 
you niay suppose ciphers to be annexed to the numerator, 
and perform the operation without setting down the ci- 
phers ; as in the next following example. 

2. Reduce i to a decimal. 4)3. 

Ans. .75 

3. Reduce i to a decimal. Ans. .5 

4. Reduce i to a decimal. Ans. .25 

5. What decimalis equal to ^? Ans. .666, &c.. 

6. What decimal is equal to Va ? Ans. .0833, &c. 

7. What decimal is equal to m« ? Ans. .075 

8. What decimal is equal to s^oVt.? Ans. .0035 
' 9. Reduce -ft-, ii, and ^fi^, to decimals. 

Answers, .3846+, .6875, and .00472+ 

CASE II. 

To find the value of a decimal fraction of any of the high- 
er denominations of Money, Weight, or Measure, in whole 
numbers in the lower denominations. 

RULE. 

Multiply the given decimal by the number which 1 of 
that denomination makes of the next lower, and point off 
the proper number of decimal places in the product, as in 
Multiplication of Decimals. In like manner reduce the 
decimal part, (if any^) of this product to the next lower 
denomination ; and so proceed through all the inferior de- 
nominations, if necessary : then the last product, together 
with the integers, (or numbers at the left hand of the de- 
cimal points,) in the other products, will be the answer. 

Note l.^-This Case is similar to Reduction Descending, 
and the following Case to Reduction Ascending, in whole 
numbers. 
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EXAMPLES. 



1. Required the value of 2. Required to find the 

.775 of a pound_ sterling. proper quantity of .722 of 

a lb., Avoirdupois. 
.775 Z. /.7221b. 

20s.=U. V 16oz.=llb. 



15.500 s. 11.552 oz, 

12d.=ls. 16dr.=loz. 



6.000 d. 8.832 dr. 

Ans. I5s. 6d. Ans. 11 oz. 8.832dr. 

Explanation of example \sU — ^I first multiply the given 
decimal of a pound by 20, to reduce it to shillings, and th^e 
product is 15.500 shillings. I then multiply the decimal 
of a shilling, viz. .500, by 12, to reduce it to pence, and 
the product is 6 d.; and there being no decimal of a penny 
to reduce to farthings, the virork is done. So theansweris 
15 s. 6d. 

^hat is the value, or proper quantity, 

3. Of .625 of a shilling? . Ans. 7d. 2q., or 7H. 

4. Of .03125 of a mile? Ans. 10 rods. 

5. Of .125 of a foot? Ans. lin. 1.5b. c. 

6. Of .50625 of an acre ? Ans. 2 roods, 1 sq.rd. 

7. Of ,1875 of a sq. foot? Ans. 27sq.in. 

8. Of .125 of a cord of wood ? Ans. lOcub. ft. 

9. Of .182 of a gallon of wine? Ans. Ipt. 1.824 gil. 

10. Of .21 of a day? Ans. 5h. 2min. 24 sec. 

11. Of .015 of a degree ? ^ Ans. 54". 

Note. — ^The addition and subtraction of decimals of dif- 
ferent denominations, may be performed after the decimals 
are reduced to their pr,oper quantities ; as in the following 
examples. 

12. What is the sum of .17 oz. pwt. gr. 
of a lb. Troy, and .87 of an :17lb.=2 .. .. i&.2 
ounce, reduced to their proper .87oz.= 17.. 9.6 
quantities ? 

Ans. 2.. 18 ..4.8 

13. What is the sura of .151b. Avoirdupois, and .25oz.? 

Ans. 2oz* 10.4 dr. 
L 
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14. What is the difference between .17^7. and .7 s. T 

Ans. 2s. 8d. 1.6q. 
15- ^hat is the difference between .41 of a day, and .16 
of an hour? Ans. 9h. 40min. 488ec. 

CASE III. 

To reduce any given quantity to a decimal of a higher 
denomination. 

RULE. 

I. When the given quantity consists of several denom- 
inationsr proceed as follows : 

1. Write the given numbers under each other, for divid- 
ends ; proceeding orderly from the least denomination to 
the greatest. 

2. Opposite to each dividend, on the left hand, place 
such a number, for a divisor, as will, (according to the 
rule for Reduction Ascending,) bring the dividend to the 
next superior denomination* 

3. Divide each dividend, beginning at the top of the 
column, by its divisor, and write the quotient of each divis- 
ion as decimal parts on the right hand of the dividend next 
below it, and tlie last quotient will be the decimal sought. 

Note 1. — In dividing in this manner, you must find as 
many decimal figures in each quotient as are required to 
be in the decimal sought, when the true quotients will con- 
tain so many figures. 

II. When the given quantity consists of one denomina- 
tion only, it may be reduced to a decimal as directed 
above ; or it may be divided, at once, by such a number ae 
will reduce it to the decimal required. 

Note 2. — Cases 2d and 3d prove each other. 

EXAMPLES. 

1. Reduce 15s. 6d. to the decimal of a pound. 
Operation. 
12 6d. Here, I first set down the 15s. be- 

, low the 6d. and place the proper di- 

20 15.5 s. visors against these numbers. I next 

'- divide the 6d. by 12, to reduce them 

Atas. .775 L to the decimal of a shilling, and the 

quotient is .5 s., i^J^ig^^ J^^nnex to the 
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15 s. I th^n divide the 15.5 s. by 20, to reduce them to the 
decimal of a pound, and thequotientf^ .775/,, is the answer. 

|l3* The student must remember to prefix ciphers to the 
quotients, when necessary, to make up the proper number 
of decimal places, according to the rule for the division of 
decimals. ' 

2. Reduce 11 oz. 8.832 dr. to the decimal of a pound. 
Avoirdupois. Ans. .7221b. , 

3. Reduce 7d. 2q. to the decimal of a shilling. 

Ans. .625s, 

4. Reduce 10 rods to th€ decimal of a mile. 

By the 2d part of the Rule thus, 10-5-32Q (the number 
of rods in a mile)=s.03125 m. Ans. 

5. Reduce lin. 1.5 b. c. to the decimal of a foot. 

Ai^s. .125 ft. 

6. Reduce 2 roods, 1 sq. rod, to the decimal of an acre. 

Ans. .50625 A. 

7. Reduce 27 sq. inches to the decimal of a sq, foot. 

Ans. .1875 sq.ft. 

8. Reduce 16 cub. feet to the decimal of a cord. 

Ans. .126 Cd. 
i). Reduce 1 pt. 1.824gil. to the decimal of a gallon. 

Ans. .182 gal. 

10. Reduce 5 h. 2min. 24 sec. to the decimal of a day. 

Ans. .21 da. 

11. Reduce 54 seconds to the decimal of a degree. 

Ans. .015 deg. 

QUESTIONS ON THE FOREOOINO. 

1. What is a decimal fraction ? 2. In what manner are 
decimal fractions written ? 3. What is a mixed number ? 
4. How are decimals enumerated ? 5. Wl^at does the first 
figure to the right hand of the decimal point denote ? the 
second? the third? &c. 6. What effect have ciphers when 
placed at the right or left hand of the significant figures 
of a decimal? 7. What is the rule for the addition of de- 
cimals? 8. How is the subtraction of decimals performed? 
9. How are decimals multiplied together ; and what is the 
rule for placing the decimal point in the product? 10. What 
is the shortest method of multiplying a decimal, or mixed 
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number, by 10, or 100, &c.? 11. How is tbe division of 
decimals performed; and what is the rule for placing the 
decimal point in the quotient ? 12. What is the shortest 
method of dividing a decimal, or mixed number, by 10, or 
100, &c.? 13. What are the denominations of Federal 
Money ? 14. In what ratio do these denominations increase? 
15. If dollars be considered as integers, what will each of 
the lower denominations be? and what will eagles be? 16. 
Which of these denominations is usually considered the 
integer; and how are sums of federal money usually writ- 
ten? 17. Is it customary, in reckoning in federal money, 
to mention the nam^s of eagles and dimes? 18. How do 
we . write down, 4n the decimal form, a part of a dollar 
which consists of any number of cents less than 10, or any 
number of mills less than 10? 19. How are Addition, Sub- 
traction, Multiplication, and Division of Federal Money 
performed ? 20. What is the method of reducing a vulgar 
fraction to a decimal ? 21. What is the rule for reducing a 
decimal fraction of any of the higher denominations of 
money, 6lc. to its value in the lower denominations ? 22. 
What is the method of reducing a compound quantity to 
an equivalent decimal of a iiigher denomination ? 23. How 
is a simple quantity reduced to a decimal of a higher de- 
nomination ? 



PROPORTION, 

Is the relation which one quantity has to another. 

Numberife are compared to each other in two different 
ways: One comparison considers the d2]fercwce of the two 
numbers, and is named Arithmetical Relation, and the 
difference is sometimes called the Arithmetical Ratio : the 
other considers their quotient, which is called Geometrical 
Relation^ SLiid the quotient, the Geometrical Ratio* So, 
of these two numbers. Sand 2, the difference, or arithmet- 
ical ratio, is 8 — 2, or 6, but the geometrical ratio is 8-*-2, 
pr 4. 

* it may be proper (o ioform tbe learner (hat, in (hia Work, where 
mention is made of (he rcUio of two qiiaulities, tbe geoiaeitJcaL t alio ia 
ioiended, excepting where it is otherv\ ise expressed. vjuuy iv 
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Tlwere must be two numbers to form a comparison : the 
number which is compared, being placed first, is called the 
antecedent; and that to which it is compared, ihe conse- 
quent* So, of the two numbers above, 8 is the antecedent, 
and 2 the consequent. 

Note. — Arithmetical and Geometrical Proportions will 
be treated of at large in a subsequent part of this Treatise ; 
but I shall here explain so much of the latter, as is necessary 
to give the learner a correct idea of the nature of the fol- 
lowing Rule of Proportion^ called the Rule of Three. 

A geometrical ratio is usually denoted by writing a colon 
t)etween the two terms, {that is between the antecedent 
and the cons<iquent,) of the ratio. Thus, 3 ; 6, denotes the 
ratio of 3 to 5. 

Four quantities are said to be in geometrical proportion^ 
when the ratio of the first to ihe second is equal to the 
ratio of the third to the fourth. Thus, the four numbers 
S, 4, 14, 7, are proportional, because the ratio 8.: 4 is equal 
to the ratio 14 : 7 ; that is, 8-t4 is equal to 14-:j-7, equal to 2. 
"The equality or identity of two such ratios is usually de- 
noted by writing a double colon between the ratios : Thus, 
"2 : 3 :: 6 : 9, denotes that the ratio of 2 to 3 is lihe same 
-with, or equal to, the ratio of 6 to 9: read thus, a^ 2 is to 3, 
so is 6 to 9. Such a series, consisting of four terms in 
geometrical proportion, is called an Analogy ; the first 
and last terms being called the extremes, and the other 
Xerms, the means. 

In any analogy, the product of the extremes is equal to 
the product of the means ; that is, ^e product of ithe .first 
and fourth terms is equal to the product of the second and 
third terms.* Thus, in the analogy 2 : 4 :: 3 : 6, the pro- 

* This ppoposition, or assertion, may be demonstrated as follows: Let 
la^ bf and r, represent any three quantities whatever; then, a :ar :*. b : br, 
will denote any analog, or any four quantities in geometrical propor- 
tion ; r being the ratio, or quolientj of the first and second, .and of the 
third and fourth terms. Now, a^br=arx b =:abr ; that is, the |»rodu€t 
^f the eitremes is eqaat to the product of the means. -Q. £. B. 

Corollary.— Hence, if the product of the iwo mean terms of anjr 
analogy be divided by eittier of the extremes, the quotient will be the 
<}ther extreme ; and, if the product of the extremes be divided by either 
of the mean terms, the quotient will be the other mean ; for it is evident 
Almt if the product of any tw^ numbers be divided by one of ilie uum^ 
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duct 3x0 is equal^ the prodtioit 4x3, equal to 12.— Hence, 
if the product of ^he two mean terms of any analogy be 
divided by either of the extremes, the quotient will be the 
other extreme; which is the foundation of the following 
Rule of Simple Proportion, commonly called the Rule of 
Three. 

The Rule of Proportion is divided into Simple and Com- 
pound. 

Simple Proporiioji is a jingle analogy, or the equality 
of the ratio of two quantities to that of two other quanti- 
ties ; as 2 : 6 :: 8 : 24. 

Compound Proportion is the ^ equality of the ratio of 
two quantities to another ratio%he antecedent and the 
consequent of which are respectively the products of the 
antecedents and consequents of two or more ratios; as 

Q ' > :: 6 : 7, in which the ratio 6 : 7 is equal to a ratio. 

whose antecedent is 2x9, or 18, and its consequent 3x7, 
pv 21. 

SIMPLE PROPORTION, OR 

THE SINGLE RULE OF THREE. 

The Rule of Simple Proportion^ or Rule of Three, teach- 
es how to find the fourth term of any analogy from three 
given tereis. It is called the Rule of Three, because thre^ 
terms or numbers are given to find a fourth ; and, because 
of its great and extensive usefulness, it is sometimes called 
the Golden Rule, 

In every question belonging to the Rule of Three, two of 
the three' given terms, or numbers, are contained in a sup- 
position, and the other in a demand; and hence the former 
are called the terms of supposition, and the latter the term- 
of demand. One of the terms of supposition is always of 
the same kind or quality with the demanding term, and the 

bers, Ibe quotient will be the other number. ConsequeDtIy,.if any three 
of the terms of an analogy be given, or known, the other term may be 
found ; which admits oifour cases ; viz. Ist, wbefi tiie two mean terms 
and the first term are given, to find the fourth : 2d, yyht^n the two mean 
terms and the fourth term are given, to find the first : 3d, when the ex- 
tremes and the second term are given, to find the third : 4lb, when the 
extremes and the third term are given, to find the second. 
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Other term of supposition is of the same kind with the 
answer, or term sought. When the three numbers, or 
quantities, given in any such question, are arranged in the 
proper order, they form the first three terras of an analogy 
of which the answer, or number sought, is the fourth term ; 
and the business of placing the three given terms in the 
'proper order is called stating the question. 

The Rule of Simple Proportion has usually been divided 
into Direct^ and Inverse Proport'Um ; and in all the old 
systems of Arithmetic a particular rule is given for solving 
questions in direct proportion, and another for questions 
' in inverse proportion. This distinction, however, is un- 
necessary, and therefore I shall omit it.* 

All qtiestions in Simple Proportion may be solved by 
the following 

GENERAL RULE. 

L State the question as follows; viz. Set down that 
quantity, or term of supposition, which is of the same kind 
with the answer, or number sought, for the third term of 
the proportion ; that is, if the answer is to be money, the 
^third terrii must be money ; or. If the answer is to be weight 
or measure, then the third term must be weight or measure. 
Then co nsider, from the nature of the question, whether 

• As (be terms Direa and inverse Proportion y are very freqaeatly iwed 
by matbemaliciaos, it may. be proffer, in this place, fo explain their 
meaning. , ■ * 

One quantity is said to be directly as another quantity, when the one 
increases in the same ratio in which the other increases, or diminishes 
in (he s^me ratio in which the other diminishes : For eiample* if I pnr- 
chase cloth at 2 dollars a yard, the amount of the cost depends npoo the 
quanliiy purchased ; (hat is, the greater the quantity, the greater the 
amount of the cost ; and therefore the amount is said to be directly as 
the quantity -—But, when one quantity increases in the same ratio in 
which the other diminishes, the one is said to be inversely as the other : 
e. g. if. I have to ride a ceriaio distance, the time requisite depends upon 
the speed employed; that is, the greater the speed, the less time will be 
requisite ; and hence the time is said to be inversely as the speed. 

The reciprocal of any geometrical ratio, is that ratio, (or an equivalent 
one,) with the order of its terms inverted. Thus, the ratio 5 : 8 is the 
reciprocal, or inverse, of the ratio 8:5. 

When two ratios are equal, lhey,(or the numbers which eipress them,) 
are said to be in direct pro^iortion. Such are the ratios 2.: 4 and 6 : 10. 
Bat when one ratio is equal to (he reciprocal of another, the ratios are 
saiti to b«" iu inverse^ indirect, or reciprocal praiiortKia, ^eh are the 
ratios 2 ; 4 and 10 : 6. ogtzed by Google 
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4he answer, (or fourth term,) is to be greater or less than 
the third term :* If the answer is to be greater than the 
third term, write the greater of the two other given num- 
bers for the second term, and the less for the first ; but, if 
the answer is to be less than the third term, then make the 
less- remaining number the second term, and the greater 
the first term. 

2. If the first and second terms be simple numbers of 
different names; or, one or both of them of divers .denom- 
inations ; reduce them both to the same denomination, viz. 
to the lowest denomination mentioifed in either, f Then 
multiply the second and third terms together, and divide 
their product by the first term, and the quotient will be the 
fourth term, or answer, in.th,e same denomination as the 
third term ; which may be brought into any other denom- 
ination required.^ 

Note 1. — When the third term consists of several denom- 
inations, you may multiply it by the second term, and di- 
vide the product by the first term, according to the rules 
for Compound Multiplication and Division : Or, you may 

* In every csse'lhat cancicciir,lhe conditions of tfae qnestion will show 
whetiier the fourth term, or namter reqaired, is to be greater or less than 
the third tern. 

t The first and second terms must always be of the same kind or qual- 
ity ; aiid when they are not both simple numbers of the same denomin- 
alion, tbey mast be made sucii, by reduction. , 

X The (roth and reason of this Rute will easily appear from the demon- 
stration of « proposition respi^cttiig four proportional numbers, given in 
n preceding note. The tntth of ifae Rule, as applied to ordinary inqui- 
ries, may a^ be fisade evident bj attending to principles which have 
been eiplaified in a preceding part of the Work, It has been shown, in 
the application of Multiplication to practical purposes, (hat the valne of 
one article, or yard, &c. multiplied by the whole «|uantityi or nuikiber of 
articles, is Uie value of the wfiole; and, in the application of Division, 
that (be value of the wliole, divided by the quantity, or number of arti- 
cles, is the value of one. Now, in all «»ses of valamg goods, &c. where 
the first term of the proportion is 1, it is plain that the answer found by 
this Role will be (be tame as that found by the rule which has been 
f iven for the application of Muttipllcatioa ; and, where 1 is the second 
term, it will be the same as that found by the rule for the application of 
Oivision. In like manner, if the first term be any number whatever, it 
is plain that the product of (he second and third terms will be greater 
than the answer required, by as much as the price in the third term ei- 
«eeds the price of one, or as the first term eiceeds a unK ; consequently 
Kiis product, divided by the first term, will give Ihe (me ao.sw4»r required. 
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i-educe the third term to the lowest denomination of which 
it consists, and then multiply it by the second term, and 
divide the product by the first term; and the quotient will 
be the answer in the denomination which the tMrd term 
was reduced to ; which may be brought into a higher de- 
nomination, if necessary. The latter method will often be 
more convenient than the former, especially when the first 
and second terms are large numbers.-^ When the third term 
is Federal money, or contains any decimals, then multiply 
and divide according to the rules for the multiplication and 
division of decimals. 

Note 2. — Sometimes two or more statements will be 
necessary, in order to solve a questioii ; which may always 
be known from the conditions of the question. ' 

Proof. — The method of proof is by inverting or varying 
the order of the question. 

EXAMPLES. 

1. If 5 yards of cloth cost $14, what would 80 yards cost, 
at the same rate ? 

yd. yd. $ 
Stated thus ; As 5 : 80 :; 14 : 
This statement may be read 80 

thus ; As 5 yards is to 80 yards, . 

so is $14 to $224, the answer. 6)1 120 



Ans. $224 
Explanation. — In the foregoing question,* the supposi- 
tion is, that 5 yards of cloth cost $14; and the demand is, 
to find what 80 yards would cost at the same rate: There- 
fore, the terms of supposijtion are 5 yards and $14; and the 
term of demand is 80 yards. Now, it is evident that the 
answer to the question must be money ; and therefore, in 
stating the question, I set down the $14, (the term of sup- 
position which, is of the same kind with the answer,) for 
the third term. It is also evident that 80 yards of cloth 
must cost more than 5 yards; and therefore I make the 
greater number of yards the second term, and the less the 
first term. Then, as the first and second terms are both 
whole numbers of the same denomination, there are no re- 
ductions to be performed, to prepare these terms for multi- 
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ply inff •and dividing : so I proceed to multiply the second 
and third terms together, and then divide their product by 
the first term ; and the quotient is the fourth term, or an- 
swer ; being the value of 80 yards of cloth at the rate of 
$14 for 5 yards. 

2. If SOyardsofclotKcost As 80yd. : 5yd. :: $224 : 
$224, wha t will 5 yards cost? 5 

8,0)112,0 

Ans. $14. 
N* B. — ^The second example is only the ^rsivaried^ being 
fivea to show the learner how the answer to any question 
in Simple Proportion may be proved by inverting or vary- 
ing the order of the question.* 

3. If 100 lb. of butter cost $12, how much butter may be 
bought for $50 ? 

$12 : $50 :: 1001b. Here, after the division of the 

, 100 product of the second and third 

terms by the first, there is a re- 

1^)5000 mainder of 81b., which I reduce 

to ounces, and then divide it by 

Ans. 4161b. 10} oz. the divisor, as in Compound Di- 
vision, 

4. If 81b. of cheese cost 3s. 5d., what would 201b. cost? 
Operation. Or^ otherwise thus : — 

81b. : 201b. :: 3 s. 5 d. lb. lb. s. d. 

12 8: 20:: 3. .5 

— 20 



41 d. 

20 8)68 .. 4 



8)820 Ans. 8..6i- 

12)102d. 2q. 

Ans. 8 s. 6d. 2q. 

*We may, in like manner, form two other questions from Ex. 1. 
Thus ; if 514 buy 6 yards of cloth, how many yards would ^224 buy 9 
Or, 2dly, if 5224 will buy 80 yards of cloth, how many yards will 
$\4 bny.' And thus, whenever a question has been solveci by (he Rule 
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Remarks, — When the third term consists of several de- 
nominations, if the first and second terms are large num- 
bers, or contain several significant figures, it will usually 
be most convenient to reduce the third term ip the lowest 
denomination of which it consists ; but, if the first and 
second terms are small numbers, the operation jnay be 
conveniently performed by Compound Multiplication and 
Division. Both these methods of operation are illustrated 
by example 4th. 

The principal difficulty in solving questions in Simple 
Proportion, consists in stating' them ; and, in order to as- 
sist the learner, several of the following question are stated, 
which are not worked out at full length. In these abridged 
examples, where the first and second terms need reducing, 
all the terms are first set down in the denominations in 
which they are given in the question ; and then the state- 
ment is given again, with the first and second terms prop- 
erly reduced. 

In each of the eighteen questions next following, (viz. 
questions 5th to 22d,) the first and second terms are whole 
numbers of the same name, or denomination ; and hence 
the answer is found by merely multiplying the second and 
third terms together, and then dividing their product by the 
first term ; only it may be proper in some cases to reduce 
the third term to a simple number before multiplying it by 
the second term. 

5. If 12 yards of cloth cost $52, what would 45 yards 
cost? Ans. $195. 

6. Bought 4 pieces of cloth for 15 D. 25 c.: what womld 
50 pieces have cost at the same rate ? 

As 4 pieces :: 50 pieces : $15.25 : $190,625, Ans. 

7. If a bag of coffee, weighing 110 pounds, cost 18 D. 
15c., what will 14 lb. cost? Ans. $2.31 

8. How many yards of sarcenet may be purchased for 
$117, at the rate of $4 for 3 yd. 1 qr.? 

As $4 : $117 :: 3 yd. 1 qr. : 95 yd. Oqr. 1 na. Ans. 

9. If 385 yards of linen cost $315, how many yards 
might be bought for $90 ? Ans. 1 10 yd. 

of Three, the student may be profilnbly exercised in forming three other 
questions adapted to prove the truih of \ih answer, since we can find any 
one of the four terms of ad analogy from having given the three others. 
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10. Ifltpiece of linen, containing 20 yards, cost 21, 10 s., 
what would 155 yards cost at the same rate ? 

Ans. 19Z. 7s. 6d. 

11. If the yearly rent of a farm containing 182 acres be 
$273, what id the rent of a part of it containing 43 acres ? 

As 182 A. : 43 A. :: $273 : $64.50 Ans. 

12. How many barrels of flour can I purchase for $744 
when the price of flour is $6 per barrel? 

^ As $6 : $744 :: 1 bar. : 124 barrels, Ans. 

13. Iflcwt. ofbeef cost $5.25, what will 39 cwt. cost ? 

Ans. $204.75 

14. If 25 men can do a certain piece of work in 60 days, 
how many men would do the same in 100 days ? 

As lOOda. : 60 da. :: 25 men : 15 men, Ans. 
Here, because it would not require as many nwn to do 
the work in 100 days as it would to do it in 60 days, I make 
the less number of days the second term, and the greater 
the first term. 

15. If 6 men can build a certain wall in 192 days, how 
many men must be employed to build it in 24 days ? 

Ans. 48. 

16. If the shilling loaf weighs 36 ounces when flour is 
$4 per barrel, how much must it weigh when flour is $6 per 
barrel ? 

As $6 : $4 :: 36 oz. : 24 oz, Ans. 

It is evident that the higher the price of flour is, the 
lighter the shilling loaf must be ; and, because the answer 
must be less than the third term, I make the less remaining 
number the i^cond term, and the greater the first. 

T7. If 84 sheep can be grazed in a certain field for 12 
days, how long may 112 sheep be grazed equally well in the 
same field? Ans. 9 days. 

18. If a person lend me $270 for 8 months ; in return for 
his kindness, howv much money ought I. to lend him for 18 
months? Ans. $120. 

19. Suppose a principal of $360 to produce a certain 
interest in 5 months ; in what time, at the same rate, will 
$150 produce the same interest ? Ans. 12 months. 

20. If $100 principal gain $6 interest in a year, how 
much will $49 gain in the same time, at that rate ? 

Prin. prin. int. int. 
As $100 : $49 :: $6 : $2.94, Ans. 
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Here all the terms are money. The $6 interest is mad« 
the third term because the answer is interest; and the less 
principal is made the second term and the greater the first, 
according to the Rule. 

31. If I sell goods to the amount of $400, and thereby 
gain $75.50, how much should I gain, at the same rate, by 
sellinggoods to the amount of $1000? Ans. $188.75 . 
23. If a staff 4 feet high cast a shade on level ground 6 
feet, what is the height of a tower whose shadowat the same 
time extends 100 feet? ' 

Shade, shade, height, height. 
As 6 (t. : 100 ft. :: 4 ft. : 66 ft. 8 in. Ani . 
In each of the fourteen questions next foHoM^ing, (viz. 
questions 33d to 36th,) the first and second terms are of 
different denominations. 

33. If 1 Ib.of butter cost Is. 5 d., what would 81b. 6 oz. cost? 
lb. lb. oz. s. d. 

As 1 : 8..6:: 1..5: 

16 16 13 

16 oz. : 134 oz. :: 17d. : 
17 

938 
134 

Pence, s. d. 



16)2278(1431 = 11 ..lOJ, Ans. 
16 

Here, 1 reduce the first and ^e- 

67 , cond terms to ounces, to liiake 

64 them both simple numbers of the 

same denomination : I also reduce 

38 the third term to the lowest de- 

32 nomination of which it consists. 

— I then multiply the second and 
Rem. 6d* third terms together, and divide 

4 their product by the fijst term ; 

— and the quotient is 142ipence^ 
,16)24(1 q. which I reduce to shillings, and 

16 have lis. lOtd. for the answer. 



Last rem. Sq. 



M Digitized by Google 



146 SIMPLE PROPORTION' 

N. B. The learner ought to bear in mind, that the first 
and second terms must not only be reduced to simple num- 
bers when they are compound numbers, but they must al* 
ways be simple numbers of the same name, or denomina- 
tion. 

24. If lib. of tobacco cost Is. 2d. what will 61b. 14 oz. 
cost? Ans. 6s. lOid. 

25. What is the value of 5^acres, 2 roods, of land, if one 
acre be worth 12 Z. 17s.? 

As 1 A. : 6 A. 2R. :: 12Z. 17s. : the 4th term. 
R. R. s. s. d. L. 8. d. 
Or, as 4 : 22 :: 257 : 1413 .. 6=70 .. 13 .. 6 Ans. 

26. If the rent of 5 acres of land be 4Z. 13 s. 4d* how 
much land could be rented, at the same rate, for 70Z. 10s. 6d.? 

L. s. d. L. s. d. A. 
As 4 .. 13 .. 4 : 70 .. 10 .. 6 :: 5 : the 4th term, 
d. d. A. A. R. sq. rd. 

Or, as 1120 : 16926 :: 5 : 75 .. 2 .. 10 Ans. 

27. If 12 bushels of wheat cost 6Z. 10s. 8d. how many 
bushels may be bought for IIZ. 8s. 8d.? Ans. 21 bush. , 

28. How much will 250 bushels, 1 peck, of salt cost, at 
52 cents per bushel ? 

As 1 bush. : 250bush. 1 pk. :: $ .52 : the 4th term. 
Or, as 4 pks. : 1001 pk. :: $ .52 : $130.13, Ans. 

29. An eagle contains 11 pwt. 6 gr. of standard gold.* 
What is the value of lib. of gold, at that rate? 

As 11 pwt. 6gr. : lib. :: $10 : the 4th term. 
Or, as 270 gr. : 5760 gr. :: $10 : $213i Ans. 

30. An American silver dollar contains 17 pwt. 8 gr. of 
standard silver.! What is the value of 1 lb. of silver, at that 
rate? - Ans. $13ii. 

^1. If the weight of an eagle be 11 pwt. 6 gr. Troy, and 
175 oz. Troy be equal to 192 oz. Avoirdupois, what is the 
Avoirdupois weight of an eagle ? 

Troywt. Troywt. Avoir, wt. 

As"175oz. : 11 pwt. 6gr. :: 192 oz. : the 4th term. 
,.0r, as 84000 gr. : 270 gr. :: 192 oz. : 9Hf drams, Ans. 

* Tbe weight of iiD eagle is 11 pwt. 6 gr; but the quantity o( pttre 
gold ill an eagle U only 10 pwt* 7 1-2 gr., the rest being alloy, 

t An AmerrcRo dollar GODtains 16 pwt. U l>4.gr. 6f part tilreri and 
l-pwt 20 3-4 gr. of alloy. 
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32. An American silver dollar weighs 17 pwt. 8 gr. Troy: 
required the Avoirdupois weight? Ans. 15J^fl drams. 

.33. If 7 tons of potashes cost $262.50, what would 
9cwt. 3qr. cost? Ans. $18,281+ 

34. How much must be paid for 8cwt. 3qr. 251b. of pig- 
iron, at the rate of $28 per ton? Ans. $12.5625 

35. If the digging of *a mile of canal cost $6500, what 
will the digging of 30 miles, 7 furlongs, 21 rods, cost? 

Ans. $201114.0625 

36. If a person walk 17 miles in 5 hours, 12 min. 31 sec, 
how far would he walk, at the same rate, in 3 hours, 40 min. 
36 sec? Ans.. 12 miles. 

In each of the eleven questions next following^ (viz, 
questions 37th to 47th,) there are decimal^ in one or hath 
of the terms in the first and second places, 

37. If a piece of cloth containing 25.5 yards be worth 
$12.75, what is the value of 3 yards of it ? Ans, $1.50 

38. If 1.47 cwt. of sugar be worth $20, what is 1.7 cwt. 
worth? Ans. $23,129+ 

39. If 9.75 bushels of wheat cost $15, what would .5 of a 
bushel cost ? Ans. 76c 9m.+ 

40. If a man lays out $121.25 in merchandize, and there- 
by gains $37.50, how much would he gain, at the same 
rate, by laying out $500 ? 

As $121.25 laid out : $500 laid out :: $37.50 gained : 
$154,639+ gained, Ans. 

Note 3. — When the third term is a compound quantity, 
(i. e. when it consists of several denominations,) and there 
are decimal figures in the first and second terms, or in ei- 
ther of them ; if you do not wish to reduce the third term to 
a simple quantity, you may equalize the decimal places in 
the first and second terms, when they are unequal, by an- 
nexing to the term which has the fewest decimal places, as 
many ciphers as may be necessary to make up as many 
places of decimals as there are in the other term ; and then 
reject the decimal points from both these terms, and con- 
sider them as whole numbers. Then multiply the third 
term by the second, and divide the product by the first, (by 
Compound Multiplication and Division^) and the quotient 
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will be the answer.* This method may also be used when 
the third term is not a compound quantity, when it is more 
convenient than the common mode. By proceeding in this 
way, decimal fractions, which would sometimes be very 
troublesome, may be avoided in the operation. — ^It will be 
proper for the learner to solve questions 41st to 47th in 
this way. 

41. If 121b. 2oz. of butter cost $2, how much butter may 
bebought for $1.20? ^ 

As $2 : $1.20 :: l21b. 2oz. : the 4th term. 
By annexing two ciphers to the first term, and rejecting 
the decimal point from the second, (which is in effect th^ 
jsame as reducing the first and second terms to cents^) the 
statement is as follows : 

As 200 : 120 :: 121b. 2oz. : 71b. 4|oz. Ans. 

42. If 1.2 bushels of wheat cost 7s. 6d. what would 2.75 
bushels cost ? 

As 1.2btish. : 2.75 bush. :: 7s. 6d. : the 4th term. 
Or, as 120 : 275 :: 7s. 6d. : 17s. 2id. Ans. 

43. If 2.75 yards of cloth cost 4Z. 13s. 6d. what cost 
12.25 yards? Ans. 20Z. 16s. 6d. 

44. If the rent of 7 acres and 1 rood of land be $12.75, 
how much land could be rented for $100 ? 

Ans. 56A. 3R. 18sq. rd.+ 

45. If 25.75 bushels of rye cost lOZ. what would 4.5 
bushels cost? 

. As 25.75 bush. : 4.5 bush. :: 102. : the 4th term. 
Or, as 2575 : 450 :: 10/. : 11. 14s. llid.+ Ans. 
The same answer may be obtained without rejecting the 
decimal points from the first and second term^, viz. as 
follows : 

As 25.75 bush. : 4.5 bush. :: lOZ. 
10 

L. 

25.75)45.0(1.7475+ Then, by reducing the 
decimal of a pound to shillings, &c., by Case IL Reduc- 

' ■ I li^l I ■ I n. il I I n il III. ■ .»■ — '■« 

* It isevideat that by equalizing the decimal places in the oiuliipiier 
and divisor, (i«. in the first and second ternisOand then rejecting the de- 
i^mQl points, both numbers are increased in the same ratio *, and 
hence the answer must evidently be the same as though the decimal 
points were rolainod, asusutfl. 
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tion of Decimals, the answer is 1/. 14s. ll}d., as before 

46. If 2.51b. of sugar cost 2s. what cost 85.251b.? 

Ans. 31. 8s. 2t^d.+ 

47. If 1 1 yards of linen cost $9, Tfow much may be 
bought for $78.75 ? Ans. 96 yd. 1 qn 

The following questions are promiscuously placed, 

48. A cent weighs 208 grains Troy; and 7000 grains 
Troy are equal to 1 lb. Avoirdupois. What is the Avoir- 
dupois weight of as many c«ntsas are worth $1000? 

Cent, cents, grains, grains. 

First, As 1 : 100000 :: 208 : 20800000. 

Secondly, As 7000 grains Troy : 20800000 grains Troy 
:: lib. Avoir. : 297Ulb. Avoir. Ans. 

Question 48th is solved by two statements. The Troy 
weight of 100000 cents, (=$1000,) is found by the first 
statement, and the Avoirdupois weight by the second. 

49. A factor bought a certain quantity of broadcloth and 
drugget, which, together, cost $270: The quantity of 
broadcloth was 50 yards, at $3 per yard ; and for every 5 
yards of broadcloth he had 9 yards of drugget. I demand 
the quantity of drugget, and what it cost per yard? 

As 5 yards of broadcloth : 50yards of broadcloth :: 9yd. 
of drugget : 90 yd., the quantity of drugget, 
yd. yd. $ $ 
As 1 : 50 :: 3 : 150, value of the 50yd. of broadcloth. 
$270— 150=$120, value of the 90 yd. of drugget. 
$120-f-90=$l|, value of a yard of drugget. 

. Ans. 90 yards, at $li per yard. 

50. A and B depart from the ^ame place, and travel the 
same road ; but A goes 5 days before B, at the rate of 15 
miles a day — B follows at the rate of 20 miles a day : What 
distance must B travel to overtake A ? 

As 1 day : 5 days :: 15 miles : 75 miles, the distance A 
had travelled when B started. 

20 — 15=5, the number of miles B gains of A in travel- 
Kng 20 miles. Then, 

Gained, gained. travelled, travelled. 
As 5 miles : 75 miles :: 20 miles : 300 miles, Ans. 
M2 
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51. A harmless dove was soaring high. 

To stretch her wings in space — 
At length a hawk did her espy, 

And gave4he dove a chase : 
Just forty chains were then between 

The hawk and- dove that flew — 
While the poor dove flew seventeen, 

The hawk just twenty-two : 
The hawk pursued with all his strength, 

As those who saw did say — 
Pray tell the chains he flew in length 

Before he caught his prey ? 

Ans. 176 chains. 
62. Just fifteen pair of ladies' gloves 

For sixty dimes had I ; 
How many pair of that same kind 

Will forty eagles buy? Ans. 1000. 

53. There are four pieces of cloth ; the first contains 21 
yards, the seconc^ 23, the third 24, and the fourth 27. What 
Is the value of the whole, at $1.43 per yard? 

21+23+24+27=95 yards, the whole quantity. 
Then, as 1yd. ; 95yd. :: $1.43 : $135.85, Ans. 

54. If 5 barrels of flour cost $28.75, how many barrels 
maybe bought for $5750? Ans. 1000. 

55. Bought 4 casks of wine, each containing 6bi gallons, 
at the rate of 2 gallons for $3 : what did they cost ? 

Ans. $391.50 
66. After observing a flash of lightning, it was 12 se- 
conds before the thunder was heard : required the distance 
of the cloud from whence it came ? Ans. 21 miles. 

Note. — Sound, if not interrupted, move^ at the rate of 
1 142 feet in a second of time, or 1 mile in about 4f seconds. 
Therefore, the answer to the preceding question is found 
thus: as 4f sec. : 12 sec. :: Imile : 2t miles. 

57. Perceiving a man at a distance hewing down a tree 
with an ax, I remarked that 6 of my pulsations passed be- 
tween seeing him strike and hearing the report of the blow : 
what was the distance between us, allowing 70 pulses to a 
minute? Ans. 58734 feet. 

58. In what time would wind move from the pole to the 
equator, at the rate of 3 miles an hour, the distance being 
6828 miles? Ans. 86. da. 12 h- 
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59. The Earth describes its orbit round the Sun in 365 
days, 5 h. 48 min. 48 sec. : through what space does it 
move each hour, at an average, the circumference of the 
orbit being 596902655 miles ? A ns. 68094 m, + 

60. How many yards, 3 quarters wide, are equal in 
measure to 24 yards, 5 quarters wide? 

As 3qr. : 5qr. :: 24yd. : 40 yards, Ans. 

61. How many yards of carpeting, which is 3 feet wide, 
will cover a floor which is 27 feet long and 20 feet wide ? 

Width, width, length, length. 
As 3ft. : 20ft. :: 27 ft. : 180 ft. =60 yards, Ans. 

62. How many yards of stuff, 3 quarters wide, will line 
a cloak that is 3yd. 2qr. in length, and 1yd. 3qr. wide ? 

Ans. 8 yd. 2f na. 

63. Supposing I have 200 yards of cloth, which cost me 
90 cents per yard, but some damage having happened to 
it, I am willing to lose $20 by the whole ; at what rate must 
I sell it per yard ? Ans. 80 cents. 

64. Bought a pipe of wine for $84, and afterwards found 
it had leaked out 12 gallons ; I sold the remaining 114 gal- 
lons at 20 cents a quart : what did I gain or lose ? 

Ans. I gained $7.20 

65. If the Legislature of a State grant a tax of 8 niills on 
the dollar, how much must that man pay whose list amounts 
to $1084.75? Ans. $8,678 

66. If 30 bushels of corn, at 50 cents a bushel, will pay 
a certain debt, how many bushels at 75 cents a bushel would 
pay the same debt ? Ans. 20. 

67. If 50 gallons of water, in one hour, fall into a cis- 
tern that will hold 230 gallons, and by a pipe in the cistern 
35 gallons run out in an hour ; in what time will the cistern 

, be filled? Ans. 15 hours, 20 min. 

68. Bought 4 pieces of cloth, each containing 24 Eng- 
lish ells, for $96 : how much is that per yard ? 

Ans. 80 cents. 

69. Bought 126 gallons of rum for $110 : how much 
water must be added to reduce the cost to 75 cents per 
gallon? Ans. 20| gal. 

70. The moon moves through 13 degrees, lOmin. 35 sec. 
of the zodiac in a day : in what time does it move through 
360 degrees, or perform an entire revolution ? 

Ans. 27<i^d 5*6^^43 min.+ 
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CONTRACTIONS IN THE RULE OP THREE. 

There are several methods of contraction, which may be 
used in particular cases, in working out the proportions. 
The following are some of them. 

iVbfe.T— When ^the first and second terms of ,the given 
analogy are of different denominations, they must be re- 
duced to the same denomination before any of the following 
methods of contraction can be used. 

CONTRACTION I. 

When the first term of the proportion is 1, multiply the 
second and third terms together, and the product will be 
the answer : And when either the second or the third term 
is 1, divide the other by the first term, and the quotient will 
be the answer, in the same denomination as the third term.* 
Ex. 1. What cost 801b. of cheese, at 4 J- cents a, lb.? 
As lib. : 801b. :: $.045 : the 4th term. 

Then, $,.045x80-:$3.60, Ans. 

2. What is the value of 7 acres of land, if each acre be 
worth 8Z. 53.? Ans. 57Z. 15s. 

3. If 81b. of butter cost $1.28, what cost lib.? 

As 81b. : 1 lb. :: $1.28 : the 4th term. 

Then, $1.28-^8=$. 16=16 cents, Ans. 

4. If 1 yard of broadcloth cost $5, how many yards may 
be bought for $70? Ans. 14yd. 

CONTRACTION II. 

The work may often be much abbreviated by dividing 
either , the first and second, or the first and third terms, 
(but never the second and third,) by any number which 
will measure or divide them, and then using the quotients 
instead of the numbers so divided.f 

* if any number be either molliplied or divided by 1, the product, or 
qi] olient, wilt evidently be the same as the given number , and hence, 
ill such cases, the operation of multiply iilg or dividing may be omitted. 

tThe ratio of any tivo numbers, is the same as the ratio of the products 
or quotients obtained by multiplying or dividing both the given numbers 
by any one number: Or, ^hich amounts to the same thing, if the divi- 
sor and dividend be l>oth multiplied or divided by the same number, tha 
quotient is not changed ; and hence the reason of the 2d melfiod of con* 
traction is evident. 
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Note.' — It will be best to take, for a divisor, one of the 
two terms which you would divide,' when the other can be 
divided by it; for then, one of the quotients will be 1, and 
the answer may be found by Contraction 1st. 

Ex. 1. If 15 yards of cloth cost $17.43, what will 55 
yards cost, at the same rate ? 

yd. yd. $ 
6)15 : 55 ;: 17.43 Here I divide the first and se- 

— — 11 cond terms of the proportion by 5, 

3 : 11 and the quotients are 3 and 11, 

3)191.73 which \ use instead of 15 and 55. 



Ans. $63.91 

2. If 16 men eat 25 loaves of bread in a week, how many 
loaves will 24 men eat in the same time 1 Ans. 37^. 

3. Find a fourth proportional to 100, 256, and 700. 

As 100 : 256 :: 700 : the 4th teivm. 
Or, as 1 : 256 :: 7 : 1792, Ans. 
Here I divide the first and third terms by 100; or, which 
is the same thiiig, I reject two ciphers from the right hand 
of each of these terms ; and then I find the answer by Con- 
traction 1st. 

4. If 8 yards of broadcloth cost $32.80, what will 15 
yards cost? Ans. $61.50 

CONTRACTION III. 

If by adding to, or subtracting from the first term, any 
part of itself, the sum or the remainder will be equal to the 
second term ; then add to the third term, or subtract from 
it, (as the case shall require,) the like part of itself, and the 
result will be the fourth term, or answer. 

Ex. 1. If 50 bushels of wheat be worth $60.25, what is 
the value of 75 bushels ? 

As 50 bush. : 75 bush. :: $60.25 : the 4th term. 
2)50 2)60.25 

+25 +30.125 



75=the 2d term. $90,375 Ans. 

Here, ^ of the first term added to the first, is equal to the 
second term ; and therefore, \ of the third term added to the 
third, gives the answer. ^^,^^^ .^Google 
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2. If 6 acres and 2 roods of land can be bought for $80, 
hom^much may be bought for $100? 

Ans. 8 acres and 20 sq. rods. 

3. How many pounds sterling are equal in value to 24 Z. 
158. New-England currency, if 4s. 6d., or 54d., of the form- 
er currency be equal to 6s., or 72d., of the latter? 

As 72d. : 54d. :: 24Z. 15s. : the 4th term. 
4)72 4)24 ..15 

—18 —6.. 3.. 9 



64=the 2d term. ^ L 18 .. 11 .. 3 Ans. 

Here, the first term diminished by i of itself is equal to 
the second term ; and therefore the third term diminished 
by i of itself is tile answer. 

4. How many pounds, &c. New-England currency, are 
equal in value to 8Z. 16s. 4d. New- York currency; 6 shil- 
lings of the former currency being equal to 8 shillings of 
the latter? Ans. 6Z. 12s. 3d. 

Note. — The two last methods of contraction are very use- 
ful ; for we may not only solve some particular questions 
by them, but also find general rules, for making, in the 
shortest manner possible,many numerical calculations which 
frequently occur in transacting business. The particular 
rules for the Reduction of Currencies, given in the 3d Prob- 
lem in Exchange, are found by these methods of contrac- 
tion. 

Solution of questions in Simple Proportion by Analysis. 

Questions in Simple Proportion may sometimes be easily 
solved by analysis, that is, by general principles, without 
the formality of stating the proportions. This method of 
solving such questions may be illustrated by a few exam- 
ples. 

Ex. 1. If 2 yards of cloth cost $4.20, what would 7 yards 
cost? 

It is evident that if 2 yards cost $4.20, one yard would 
cost one-half of $4.20, viz. $2.10; and 7 yards would cost 
7 times as much ; that is, $2. 10x7=$ 14.70, Ans. ^ 

2. If 8 sheep cost $10, what would 3 sheep cost ? 

Ans. $3.75 

3. If a staff, 5.feet, 8 inches, in length, cast a shadow of 
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6 feet, how high is that steeple whose shadow measures 153 
feet ? 

If 6 feet shadow require a staff of 5 ft. 8 in.=68 inches, 
one foot shadow will require a staff of | of 68 inches, or ^- 
inches, and 153 feet shadow will require 153 times as much; 

that is,?§^^ =15191=1734 inches=144i feet, Ans. 
6 6. 

4. If 4 tons of hay will keep 3 horses through the winter, 
how many tons will keep 15 horses the same time ? 

Ans. 20. 



PRACTICE, 

Is a contraction of the Single Rule of Three when the 
first term is 1 ; and has its name from its frequent use in 
business, being a concise methpd of finding the value of 
any number of articles when the price o( one is known. 

The method of proof is by the Rule of Three, or by va- 
rying the order of the question. 

Note 1. — One number is said to be an aliquot part of an- 
other, when the former will divide the latter without a 
remainder : So, 2 is an aliquot part of 8, and 5 is an aliquot 
part of 15. Therefore^ to find whether any given number 
is an aliquot part of a greater number, divide the greater 
number by the less, and, if the division terminates without 
a remainder, the less number is an aliquot part of the great- 
er : If the quotient be 2, the less number is equal to i of the 
greater; if the quotient be 3, the less number is i of the 
greater ; and so on. 

Note 2. — To find ^, or ^, or -}, &c. of any given quantity 
or number, divide the quantity by the denominator of the 
fraction, viz. by 2, or 3, 6lc. and the quotient will be the 
part required: Thus, i of 8 is3=8-i-2=4; and i of 15 is 
=15-5-3=5. 
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Table of Aliquot or Proportional Parts of Money, 
Weighty and Measure. 



Sterling Money, 



q. d. s. L. 

1= iV=^ 4 

3= -}-= ~8 O' 

4= .= . 

0= 4 

6= i= -4 
10= 



&c. 
d. 
..0= 
..3= 
..4= 
..8= 

.;6= 

..4= 
..0= 
..0= 
6. .8= 
10 .. 0= 



Federal Money. 
I c. $ 

1 =Ti« 

11= 

2 = 

22= "4 
33= 3 

6 = 

61= 

8J= t 
12^ = 
16J= 
20 = 
25 = 
33J= 
50 = 



Avoirdupois Weight, n Cloth 
Here, 1 cwt.=l 12 lb. H Measure. 



lb. cwt. 
4=J^ 

8-/r 
14= i 
16- + 
28= i 
56= i 



oz. lb, 

1 

2 

2s 

31 

4 

5i ^ 

8 = i 



X. 

18 

X 

8 

X 
6 
X 
d 

X 
4 



na. yd. 

II o_ X 

II '^- » 

II qr. 

II 1- X 

H o X 

II 2= t 



Liquid 

Measure. 

gil. qt. gal. 

2= i=A 

4= i-= i 

1= J 

2=i 



iVafe. — If 100 lb. make 1 cwt., then 1, 2, 3, &c. pounds 
will be the same parts of 1 cwt. that 1, 2, 3, &c. cents arc 
of$l. 



CASE I. 



When the given quantity is of one denomination only^ and 
the price of one is also of one denomination, - 



RUIE. 



Multiply tdgethcr the price of one^ and the given nAimber 
of articles, or yards, &.C., and the product will be the answer 
in the same denomination with the price* 
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Or, if the price of 1 yard, &c; be an aliquot part of 1 of 
some higher denomination of that kind of money, then you 
may consider the given number of yards, &.c. as so many 
units of the said higher denomination of money, and take 
such proportional part of this number as the price is of 1 of 
the said denomination, and you will have the value required. 

EXAMPLES. 

1. What will 734 pounds of cheese come to, at 4fl. a 
pound ? 

Operation by ilic first method. 
7341b. 
4d. 



2936d.=12Z. 4s. 8d. Ans. 

Operatiqn by the second method. 
; 3)734 s. value at 1 s. a lb. 

Ans. 244s. 8d.=12Z. 4s. 8d. value at 4d. a lb. 

In working by the second method, I consider the given 
quantity, viz. 7341b., as so many shillings, and this sum 
is the value of the said quantity at 1 s. a lb.: Then, because 
4d. is i of Is., I take i of 734s., and have 244s. 8d. for the 
answer; which being reduced to pounds, is 12Z. 4s. 8d. 

The operation may be performed otherwise, thus : — 
4d.=«V. 6,0)73,4Z. value at IZ. a lb. 

Ans. I2Z. 4s. 8d. value at 4d. a lb. 

Here I consider 7341b. as 734Z. of money ; and, because 
4d. is-eV of LI, I take «V of 734Z., and have 12Z. 4s. 8d. 
for the answer. 

Note. — If after the division of the given quantity by the. 
aliquot part of L 1, 6lc, there is a remainder, its value may 
be found in the lower denominations, as in Compound Di- 
vision. Thus, in the foregoing example, after dividing 
734s. by 3, 2 shillings remain, which I reduce to pence, and 
then divide by 3, and the quotient is 8d.,- which I annex to 
the shillings of the answer. 

2. What is the value of 751b. at 6d, a lb.? 

N 
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6d.=Js.=4^fZ.: Therefore, 76s.^2=376. 6d.=lZ. 17s. 6d. 
the Ans. 

Or, L75-i-40=lZ. 17s. 6d. the ans. as before. 
3. What is the value 921b. of butter, at 12^- cents a lb.? 
12Jc.=$i: Hence $92-i-8=$l 1.50, Ans. 

More Questions for exercise. 

Find the value, or amount, of 

4528 quills, at Iq., or Jd. each. Ans. 

642 eggs, at f d. each 

827 oranges, at 3d. each. 

1274 pounds of cheese, at 8d. a lb. 

257 bushels of rye, at 5s. a bush. 

658 melons, at 3 J cents each. 

180 pounds of sugar, at 8^c. 

249 pounds of butter, atl6fc. - 

24 quires of paper, at 25c. 

75 yards of cloth, at 33 3 c. 



L. 


s. 


d. 


4.. 


14. 


.4 


2. 


0. 


n 


10., 


6. 


.9 


42.. 


9. 


.4 


64. 


5. 


.0 


» 






21.933+ 


15. 






41.50 




6. 






25. 







CASE II. 

When the given quantity is of one denomination only, and 
the price of one is of different denominations. 

RULE I. .: 

1, When the price is an aliquot part of 1 of some high- 
er denomination of money ; then the like part of the quan- 
tity will be the answer in the said higher denomination, as 
in Case I: 

2. When the price is not an aliquot part of 1 of any high- 
er denomination of that kind of money ; if it can conven- 
iently be divided into t\^o or more parts which shall be 
aliquot parts, either of 1 of some higher denomination, or 
of each other ; then take the like parts of the given quan- 
tity, and add them together for the answer. But, if the price 
cannot conveniently be divided into such aliquot parts ; or 
if the highest denomination of the price be the highest de- 
nomination of that kind of money ; then multiply the given 
number of yards, or pounds, &.c., by the price of one yard, 
&.C., and take parts for the lower denominations of the 
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price, as directed above, and the sum of the product and 
the quotients, or parts, will be the answer. 

RULE II. 

Multiply the price of one yard, or pound, &c., by the 
given number of yards, or pounds, ike, by the rule for 
Compound Multiplication, and the product will be the 
answer. 

EXAMPLES. 

1. Required the value of 40 bushels of oats, at 2 s. 6d. a 
bushel. 

Operation by Rule I. 
I find, by the table of aliquot parts, that 2 s. 6d. are= 
L|: Hence, L40-^8=L5, the Ans. .> 

Operation by Rule II. 
s. d. 
Here I multiply the value of one 2 .. 6 

bushel by 40, the number of bush- 40 

clsj which gives iMt Value of the 40 L. 

bushels. Ans. ^ 5 .. .. 

2. What would 96 bushels of rye co^t, at 4 s. 8d. a bushel? 

4s.=Lf, and 8d.=L3V: Therefore, 
L. L. s. s. d. 

96-5- 5=19 .. 4 amount at 4 .. a bushel. 
96-5-30= 3.. 4 do. at 8 do. 



Ans. L 22 ..8 do., at 4. .8 do. 
3. What do 252 yards of cloth amount to, at 8s. 4d. a 
yard ? 

Here I divide the price, viz. 8 s. 4d., into these two parts, 
5 s. and 3 s. 4d.; the former being J and the latter i of a 
pound. Then, 

L. L. s. d. 

252-f-4=63 amount at 5..0 a yard. 
252-5-6=42 do. at 3 .. 4 do. 



Ans. L 105 do. at 8 .. 4 do. 
4- Required the amount or value of 124 tons of hay, at 
47. 2 s. 6Jd. per ton. 
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2s.r=iH,)124L. amount at 1/. per ton. 
4L. 

L. s. d. 

496 L. amount at4..0..0 per ton* 
6d.=i) 12 ..8s. do. at 2..0 do. 
id.=-iV) 3. .2 do. at 6 do. 

5..2d. do. at i do. 



Ans. L511..15..2 do. at 4 .. 2 .. 6J do. 

Explanation of Ex, 4fA. — ^I first multiply 124, the quan- 
tity, into 4Z., the highest denomination of the price, and 
the product, 496Z., is the amount at 4Z. per ton. Then, 
because 2 s.=t^o of 1 Z., I take A of the amount at 1 Z. per 
ton, (viz. tV of 124 Z.) for the amount at 2 s. per ton. Then, 
because 6d.=i| of 2s., I take -J- of the amount at 2 s. (viz. i 
of 12 Z. 8s.) for the amount at 6d.; and, because id.=-iV of 
6d., I take iV of the amount at 6d. for the amount at ^d. 
Lastly, I add together the several amounts, or values, thus 
found, and their sum, 511 Z. IBs. 2d., is the answer. 

5. What is the value of 246 bushed of wheat, at 1 D. 
12} c. a bushel? 

c. $ $ 

12J^=i)246 value at $1 a bushel. 
- 30.75 do. at 12J c. do. 



Ans. $276.75 do. at $1.12} do. 



6. What is the value of 
84 yards of broadcloth, at 
6D. 33}c. a yard? 



c. 9 ^ 
33}=})84 value at $1. 
5D. 

420 value at $5. 
28 do. at33ic. 



Ans. $448 
More Questions for exercise 

Required the value of L. s. d. 

162 bush, of wheat,.at .. 6 .. 8. 

425 do. of rye, at 3 .. 4. 

288 do. of oats, at 1 .. 8. 

781b. of butter, at . 1 ..6. 



do. at $5.33} 



Ans. 



L. s. d. 

54.. 0..0. 

70.. 16..8. 

24.. 0..0. 

6.. 17..0. 
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L. s. d. 


L. s. d. 


- yards of cloth,* 


at 7. .4. 


Ans. 23.. 9.. 4. 


156 do. of broadclfl 


th,at2..6..8. 


364.. 0..0. 


37 tons of hay, at 


5 .. 5 .. 0. 


194.. 5..0. 




D. c. 


$ ^ 


266 bushels, at 


1 .. I2h 


Ans. 298.125 


87 cwt., at 


4..16I. 


362.50 


68 tons, at 


10 .. 25. 


697. 


158 acres, at 


20..33i. 


3212.666+ 




CASE III. 





When the given quckntity is of several denominations. 

BULE. 

Mijtiply the price of 1 lb., or 1 yd. &c., by the given 
number of pounds, &c., and then take parts for the lower 
denominations of the given quantity, from- the price of I 
pound, &.C., as in the preceding Cases; and the sum of the 
product and quotients will be the answer. 

Or, work by the Rule of Three, which will usually be 
the better way. 

EXAMPLES. 

1. If lib. of butter be worth 14 cents, what is the value 

of 71b. 13 oz.? 

oz. $ Here, I first multiply the 

8=i) .14 value of lib. value or price of lib. by 7; 

7 no. of lb. and the product is the value 

lb. oz. of 71b. Then I take parts 

.98 value of 7..0 for the 13 oz. as follows: Be- 

4=^) .07 do. of 8 cause 8 oz.=^ of lib. I take 

1:=}) .035 do. of 4 i of^ the value of 1 lb., (viz. i 

.008+ do. of 1 of $ .14,) for the value of 

8 oz. : and then, because 4 oz. 

Ans.$1.093+do.of7..13 =i6f8oz., I take i of the 

value of 8oz. for the value of 
4oz.; and then I take \ of the value of 4oz. for the value 
of 1 oz. Lastly, I add together these values of the several 
parts of the given quantity, and the amount, $1 .093^ is the 
whole value required. 
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qr. yd. $ 
% If 1 yard of cloth be 2=i)>.46 value of I yd. 

worth ID. 46c., what is .73 do. ofSqr. 

the value of 1yd. 2qr.? 





Ans. $3.19 .do.oflyd.2qr. 


3. If 1 bushel of wheat 
cost 10 8. 8d., what cost 1 
peckand2quai'ts? 


pk. 8. d. 
1=J)10..8 value of 1 bush. 

qt. 

2= J) 2.. 8 do. of 1 peck. 
0..8 do. oflqt. 



Ans. 3. .4 do. oflpk.2qt. 

4. What do 5 lb. 8 oz. of tea amount to, at 6 s. 4 d. a lb.? 

Ans. IZ. 148. lOd. 

5. Required the amount of 201b. 5oz. of cheese, at6d. 
alb, Ans. 10s. lfd.+ 

More Questions for exercise. 

Required the value of 
lb. oz. $ 

6.. 9, at $1.25 alb. Ans. 8203 + 

10.. 6, at 12 cents a lb. 1.245 

48 .. 11, at 6 cents a lb. 2.92+ 

yd. qr. na. 

4 .. 2 .. 2, at 64 cents a yd. 2.90 

3 .. 1, at 40 cents ayd. .325 

1..3..0, at$460ayd. 7.876 

Note. — ^The rules for the three foregoingcases are appli- 
cable to any kind of money, and they will serve for solving 
all questions in Practice. There are some other contrac- 
tions which may be used in finding the value of goods, when 
the price of one is shillings and pence ; but, as the use of 
these denominations will probably be soon laid aside in this 
country, it is thought unnecessary to give rules for them. 

THEORETICAL QVJESTIONS. 

1. What is Proportion ? 2. How are numbers compared 
to each other ? 3. How many numbers must there be to 
form a comparison ? 4. When one number is compared to 
another, by what names ar« the first and last numbers dis- 
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tinguished ? 5. How is the geometrical ratio of two iwim- 
bers usually denoted? 6. How is the equality of two such 
ratios usually denoted ? and what is such a series of four 
proportional terms called? 7. What are the first and last 
terms of an* analogy called? and what the other two terms ? 
8. Is the product of the extremes equal to the product of 
the means? 9. How may either of the extremes be found 
when the other extreme and the two mean terms are given? 
10. What is Simple Proportion ? 11. What does the Single 
Rule of Three teach ? 12. Why is it called the Rule of 
Three? 13. How many of the terms, or numbers, given in 
any question belonging to this rule, are contained in a sup- 
position ; and how many in a demand? 14. What are the 
terms contained in the supposition called ? and what is the 
other term called ? 16. Which two of the given terms are 
of the same kind ? and which term is of the same kind with 
the answer or fourth term? 16. What is understood by 
stating B. question in Simple Proportion? I7. What is the 
riile for stating such questions? [Here the learner should 
repeat the first part of the General Rule.] 18. What is to be 
done when the first and second terms are not both simple 
numbers of the same name ? 19. How is the fourth term, 
or answer, then found ? 20. How are operations in Simple 
Proportion proved? 21. What is the first method of con- 
traction in Simple Proportion ? 22. What is the second 

contraction ? 23. the third ? 24. What is Practice ? 

25. What is meant by one number being an aliquot part of 
another ? 26. What is the fixst case in Practice ? Repeat 
the Rule. 27. What is the second case?— the Rule? 28. 
What is the third case? — the Rule ? 



COMPOUND PROPORTION, OR 

THE DOUBLE RULE OF THREE, 

Embraces such questions as require two or more state- 
ments in Simple Proportion. It is called the Double Rule . 
of Three, because most of the questions belonging to it may 
be solved by two statements by the Single Rule of Three. 

In questions belonging to this rule, there is always given 
an odd number of terms, viz. five, seven, or nine, &«., The 
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terinfl are distinguished, as in Simple Proportion, ipto terms 
o( supposition, SLiid ierm^ of demand ; the number of the 
former always exceeding that of the latter, by one. Each 
term of supposition, except one, has a corresponding term 
of the same kind given in the demand ; and the odd term of 
supposition, "which has no corresponding term of demand 
given, is of the same kind with the answer or term required. 
All questions in Compound Proportion may be solved by 
the following 



1. State the given question as follows : Write that term 
of supposition which, is of the same kind or quality with 
the answer sought, for the third term of the proportion. 
Take one of the other terms of supposition and one of the 
demanding terms of the same kind, and place one of them 
for a first term, and the other for a second, according to the 
directions given in the Single Rule of Three. Do the same 
with another term of supposition, and its corresponding 
term of demand ; and so on with all the remaining terms, 
(if any,) of each kind, writing the terms in the litst and 
second places in columns, under each other. 

2. When any of the terms are compound numbers, re- 
duce them to simple numbers ; and always reduce the first 
and second terms of each line to 'the same denomination 
when they are of different denominations. Then, multiply 
together all the terms in the second and third places for a 
dividend, and those in the first place, or column, for a di- 
visor. Lastly, divide the dividend by the divisor, and the 
quotient will be the answer, in the same denomination as 
the third term, or as that which the third was reduced to. 

Note. — According to the foregoing Rule, when the third 
term is a compound number, it is to be reduced to a sim- 
ple number. It may be proper, however, to inform the 
learner, that it is not absolutely necessary, and sometimes 
not so convenient, to perform this reduction : for the third 

*Tbe principles on which (he operations in Compound and in Simple 
Proportion depend, are the same* In solving any question by (he Double 
Rule of Three, alt the dividends that would be used in solving the same 
qaesUoQ by two or more statements by the Single Rule of Three, are 
collected into one dividend ; and all the divisors, into one divisor; by 
which means the answer is found by one statement, or set of operations. 
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term may be multiplied by the product of all the terms in 
the second place, and the result then divided by the con- 
tinued product of the terms ih the first place, as in Com- 
pound Multiplication and Division, and the quotient virill 
be the answer. When this method is used, if there are 
decimal figures in the multiplier, (i. e. the' product of the 
terms in the first place,) and divisor, (i. e. the product of 
the terms in the second place,) or in either of them, it will 
be proper to equalize the numbers of decimal places in 
them, and then reject the decimal points, as directed in the 
Note immediately after exam. 40th, in Simple Proportion. 
Proof. — By the Single Rule of Three ; or by varying 
the order of the question. 

EXAMPLES. 

1. If 6 men can build a wall 96 rods long in 18 days, 
when the day is 1 1 hours long ; how many men must be 
employed to build 64 rods of the wall in 2 days, when the 
day is 12 hours long ? 

STATEMENT. 

As 96 rods : 64 rods ^ 

2 days : 18 days > :: 6 men : the ans. 
12 hours : 11 hours ) 

Operation. 
64xl8xllX 6=76032, the dividend. 
96x 2x12= 2304, the divisor. 
Then, 76032-^2304=33 men, An^. 
Explanation. — In the foregoing question, the supposi- 
tion is, that 6 men can build 96 rods of wall in 18 daySf 
when the day is 11 hours long ; and the demand is, to find 
how many men must be employed to build 64 rods of the 
wall in 2 days, when the day is 12 hours Jong ; there being 
four numbers, or terms, in the supposition, and three in 
the demand.* The 96 rods of wall, mentioned in the sup- 

* Tbe niiaiber of terms 'lA (be question may be reduced to fivCf thus : 
18 days of 1 1 hours each - 198 hours, and 2 days of 12 hours each = 24 
fadurs. Then the question is as follows : If 6 men can builrfPd rods of 
wall in 198 hours, bow many men mast be employed to build 64 rods 
of tbe wall in 24 honrs f 

Slated 4 htts; As 96 rods ; 64 rods K. « ^«„ . oo „«„ An- 
24 hours : 198 hours S - ^ "'" ^"^"' ^"'' 

Digitized by VjOOQ IC 



166 COMPOUND PROPORTION. 

position, is a term which is of the same kind with the 64 
rods in the demand ; the 18 days in the supposition and 
the 2 days in the demand, are terms of the s£tme kind; and, 
the 11 hours in the supposition and the 12 hours in the de- 
mand, are corresponding or like terms. The 6 men is the 
term of supposition which has no corresponding term of 
demand given, and which is of the same kind with the an- 
swer required. — I state the question thus: I first set down 
6, the given number of, men, for the third term, because 
this is the term of supposition which is of the same kind 
with the answer, I then dispose o[ the other given terms 
in the first and second places, as follows : I begin with the 
96 rods in the supposition, and the corresponding term of 
demand, 64 rods ; and because it would not require as many 
men to build 64 rods of wall as it would to build 96 rods, 
in the same time, I write the less number of rods for the 
second term, and the greater for the first. Then, because 
it would require more men to do the required work in 2 
days than it would to do it in 18 days, I write the greater 
number of days in the second place and the less in the first. 
Lastly, because it would not require as many tnen to per- 
form the work when the day is 12 hours long as it would 
when the day is only 11 hours long, I write the less number 
of hours in the second place and the greater in the first. — 
Having thus stated the question, I proceed to resolve the 
statement; and, as all the terms are simple numbers, and 
the first and second terms of each line are of the same de- 
nomination, there are no reductions to be performed ; so I 
multiply together all the terms in the second and third 
places, for a dividend, and those in the first column, or place, 
for a divisor : I then perform the division, and the quotient 
is the answer. 

Any question in Compound Proportion may be solved, 
by two or more statements, by the Single Rule of Three. 
The foregoing question may be solved by three statements* 
by the Single Rule of Three, viz. as follows: 

Ist, As 96 rods : 64 rods :: 6 men : 4 men, the number 
of men that must be employed t<y build 64 rods of wall in 
18 days, when the day is 11 hours long. , 

*lf the number of terms in the question be reduced lo^»e,as in iba 
note at the bottom of page 165, the answer rosy be found by two itale- 
ments by ihe Single Rule of Three. . ^V^.^i^ 
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2tlly, As 2 days : 18 days :: 4 men : 36 men, the number 
that must be employed to build 64 rods of wdll in 2 days of 
11 hours each. 

Lastly, As 12 hours : 11 hours :: 36 men : 33 men, the 
answer, or number of men that must be employed to build 
64 rods of wall in 2 days of 12 hours each. 

It will be well for the learner to solve some of the fol- 
lowing questions by the Single Rule of Thre«. 

2. If 5 men in 8 days cat 271b. 12 oz. of bread, how 
much bread will 4 men eat in 15 weeks t 

Stated thus : — 

AC A % lb. oz. 

As 5 men : 4 men / ^-v to xi. 

8 days : 15 weeks 5 " 27 •• 12 : the ans. 

After performing the proper reductions, according to the 
Rule, the statement is as follows : 

As 5 men ; 4 men ) ?T\ - ., 

8days:105davs^^^44^*^^^^'^^' 

Then,M2^^<^=l??l?9=4662oz.=2911b.6oz. Ans. 
5 x8 40 

3. If 9 bushels of oats will serve 7 horses 10 days, how 
many bushels, at the same rate, will serve 20 horses 3 weeks? 

Ans. 54 bush. 

4. If a family of 19 persons expend $235 in 8 months, 
how much, at the same rate, will a family of 12 persons 
expend in 5 months ? Ans. $92,763+ 

5. If 6 oxen, in 5 days, plough 11 acres, how many ox- 
en would plough 44 acres in 12 days ? 

6. If 3 masons, working 7 hours a day, build a wall in 6 
days ; how many hours a day must 4 masons work, to build 
it in 5 days ? 

^IIT' 5 : 6 S •• '^^^'^''^ • 6^- ISn^i^- A°«- 

7. If 36 yards of cloth, 7 quarters wide, cost $504, what 
cost 120 yards, of the same quality, but only 5 quarters 
Wide? I Ans. $1200. 

8. If the carriage of 13 cwt. 65 miles cost $9, how many 
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cwt. may be carried 40 miles, at the same rate, for $15 ? 

Ans. 35;Vcwt. 

9. If $100, in one year, gain $6 interest, how much will 
$75.28 gain in 9 months ? 

M* ^12 • ^9^^ \ '-' *^ *• ®3-3^^^' ^"s- 

10. If $100 will gain $6 interest in 13 months, in what 
time will $75.28 gain $3.3876 ? Ans. 9 months. 

11. If 3000 copies of a history of the United-States, each 
containing 11 sheets, require 66 reams of paper, hpw much 
paper will 5000 copies require, if the work be extended to 
12i- sheets? Ans. 125 reams. 

N 12. If 6 men can build a wall 20 feet long, 6 feet high, 
and 4 feet thick, in 16 days ; in what time will 24 men 
build a wall 200 feet long, 8 feet high and 6 feet thick? 

Men, • 24:. 6V . . 

Length, ft.20:200l .J^-.y^ 

Height, ft. 6 : 8 f ' ' 

Thickness, ft. 4 : 6 J 
13. Suppose 30 men perform a piece of work in 20 days ; 
how many men will accomplish another piece of work 4 
times as large, in a fourth part of the time ? 

{ of 20 days=5 days. 

Days, ^ • ^ I :: 30 men : 480 men, Ans. 

METHOD OF CONTRACTION. 

The work may often be very much abbreviated as fol- 
lows : 

1. State the question as usual, and perform such reduc- 
tions as may be necessary, in order to prepare the terms for 
multiplying and dividing. Then draw a horizontal line, 
and place all the numbers which are to be multiplied to- 
gether for a dividend, (viz. all the terms in the second and 
third places,) in a row, above this line, with the sign of 
multiplication between every two of them ; and place all 
the terms which are to be multiplied together for a divisor, 
below the line, in the same manner. 

2. If any factor, or number, above the line, be the same 
as a factor below the line, cancel or strike out.both the num- 
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bers ; and, if any nuqiber above, and another below theline^ 
can be divided by a common divisor, then divide them by 
it, and set down the quotients instead of the numbers sd 
divided. Proceed in this manner, till it appears that there 
is no number greater than 1 that will divide a number a- 
bove and another below the line. Then multiply together 
the remaining numbers above the line for a dividend, and 
those remaining below the line for a divisor, and the quo- 
tient will be the answer.* 

Note, — This method of contraction may often be used in 
solving questions in Simple Proportion, and in other 
similar operations. 

EXAMPLR8. 

1. If 2 masters, who have each 3 apprentices, earn $60 
in 6 days, by working 12 hours each day, how much will 4 
masters, who have each 6 apprentices, earn in 25 days, by 
working 8 hours each day? 

Statement, 
Masters, 2 ; 4"" 



$ 
50 : (he aaig. 



Apprent. 3:6 
Days, 6 : 25 

Hours, 12: 8^ 

Operation by contraction, 

2 2 

,4^X.6^X25X,8^X50 _ 2x25x2x50 _ 5000 _^ ^^^^^ ^^^ 

;2'x3x,6'X,12' 1X3X3 9 " 

1 3 

Explanation of the contraction, — Having placed the 
factors which compose the dividend above a horizontal 
line, and those which compose the divisor below the line, I 
first cancel or dash the 6 in the upper row and the 6 in the 
under row ; these being all the upper and lower numbers 
which are alike. I next divide the 4 in the upper row and 
the 2 in the under row by 2, and set down the quotients, 
dashing the 4 and the 2. I then divide the 8 in the upper 
row and the 12 in the under row by 4, and set aown the quo- 
tients, dashing the 8 and the 12. Then I find that there is 

*The truth an'd reason of this method of contraction are evident from 
what baa been said respectiog the 2d conlraclion in Sinpls Proportion. 
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no number greater than 1, which will "ineasure or divide a 
number remaining above and another below the line: so, 
I multiply together the numbers remaining above the line, 
viz. 2, 25, 2 and 50, for a dividend, and those rernaining 
below the line, viz. 1, 3 and 3, for a divisor; and the quo- 
tient is the answer. 

iVb^6.-^The numbers which are marked with a little dash 
at the right and left, are supposed to be canceled or erased. 
The student had better make a mark with his pen or pencil 
quite across each number that is to be canceled, or omitted, 
which cannot be done in a printed book. In dividing the 
upper and lower numbers, whenihe quotient is 1, it will 
not be necessary to set it down. I have set down such 
quotients in the examples which I have given, merely for 
the purpose of illustrating the operations. 

2. If 14 men consume 38 dollars worth of wheat in 10 
months, when the price of wheat is $2 a bushel, how many 
men will consume $114 worth in 6 months, when the price 
ts 81.75 a bushel? 

Statements 

$ 38' :114^ 

$ 1.75 : 2 > :: 14 men ; the ans. 

Mo. 6 : 10) 

Operation. 

. n4xk.l0-x j_ 1X2X2^^^^ Ans. 
,38'X,1.75'X,6' lx.05 
1 ,.35' ,3' 
.05 
Here, I divide the numbers 114 and 38 by 38, and the 
numbers 2 and 6 by 2, setting down the quotients, and 
Canceling the dividends. There being then a 3 above and 
a 3 below the line,. I cancel them. I next divide the num- 
bers 10 and 1.75 by 5, and the quotients are 2 and .35, 
which I set down, and cancel the dividends. I then divide 
14 and .35 by 7, and cancel them. Then I find that the 
remaining numbers cannot be reduced any lower : so I 
multiply together those which remain above the line, for a 
dividend, and those below the line, for a divisor, and the 
quotient is the answer. 
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3. If 8 horses eat 6 tons of hay in 60 days, how many 
toi\s will 16 horses eat in 90 days ? 
Statement, 
Horses, 8 ; 16 > . « . ^„ . .v ^ ^^^ 
Days, 60: 90 5'^^''"''^^'^^"'' 
Operation, 

'^«'X-»Q' ^^ = ?><g=Jg = 18tons. Ans. 
,8'X,60' 1 1 

1 ,2' 
If the student should wish to work out more questions 
by the method of contraction, he may solve, in this way, 
some of the que^ions which precede the rule for the con- 
traction, or some of the questions in Simple Proportion. 

THEORETICAL QUESTIONS. 

1. Wh^t is Compound Proportion? 2. Do questions in 
Compound Proportion always contain an odd number of 
terms? 3. By what names are the terms distinguished? 4. 
Does each term in the supposition have a corresponding 
term of the same kind in the demand? 5. Is the term of 
supposition which has no corresponding term of demand 
given, of the same kind with the answer? 6. What is the 
rule for stating questions in Compound '» Proportion? 7. 
How is the answer then found ? 8. What method of con* 
traction may be used in Compound Proportion ? Repeat 
the rule. 9. Can this method of contraction be used in 
other similar operations? 

Note. — ^I have inserted questions on almost all the rules 
contained in the preceding part of this work, because those 
rules are the principal rules of Arithmetic, and ought to be 
well understood by learners before they proceed to the 
subsequent rules. Questions of this nature are of less im* 
portance in the remaining parts of Arithmetic, and I shall 
not swell the size of this work by inserting them. If any 
instructor, however, should think it would be useful to put 
jsuch questions to his pupils on every subsequent rule, a 
little attention to each rule will enable him to put the prop- 
€T questions to learners. 
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TARE AND TRET, 

Are allowances which are made by merchants and trades- 
men in selling goods, 6lc, by weight. 

Tare is an allowance made to the buyer, for the weight 
of the box, cask, bag, &.c. which contains the goods bought; 
and is either at so much per box, ^cc, at so much per 
cwt., or so much in the whole gross weight. 

TVet is an allowance of 4 lb. in every 104 lb.,* which is 
sometimes made for waste, dust, 6lc. 

Gross weighty is the whole weight of any sort of goods, 
together widi the box, cask, or bag, 6lc, which contains 
them. 

Suttlct is what remains after part of the allowance has 
been deducted from the gross. 

Neat weight is what remains after all allowances hare 
been made. 

Note, — In the examples in the following Cases in Tare 
and Tret, 1 cwt.=1121b. 

CASE I. 

When the tare is so much in the whole gross weight, 

2ULE.t 

Subtract the tare from the gross, and the remainder will 
be the neat weight 

EXAMPLES. 

1. In 5B81b."8oz. gross, lb. oz.* 

tare 751b. 12oz., how much 558 .. 8 gross weight, 

neat weight ? 75 .. 12 tare, deducted. 



Ans. 482 ..12 neat weight. 
2. What is the neat weight 518 lb. 

of 4 casks of indigo, each 4 no. of casks. 

weighing 518 lb. gross, tare 

in the whole 140 lb.? 2072 whole gross^wt. 

140 tare. 

Ans. 1932 lb. neat wt. 

* This is the tret allowed in London. 

1 The reason of this rule is exceedingly obvious. The rules for the 
followiog Cases in Tare and Tret are only particular applications of the 
rules of Proportion and Practical and are easily anderst^od. ^^i^ 
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3.^ What is the neat weight of 6 hogsheads of sugar, 
each weighing 9cwt. 2qn 101b. gross, tare in the whole 
1 cwt. Iqr. 21b.? - Ans. 56cwt. 1 qr. 21b. 

4. Find the neat weight of 3 tubs of Jjutter, the gross 
weight and tare of which are as follow r 

lb. oz. lb. oz. 

No. 1, gross wt. 25.. 8, tare 8.. 4, 

2, 18.. 7, 5. .6, lb. oz. 

3, 14 ..4, 4..0. Ans. 40 ..9 

CASE II. 

When the tare is so much per box, or hag^ ^c. 

RULE. 

Multiply the tare per box, or bag, &c. by the number of 
boxes, A'C.-, and the product will be the whole tare ; which 
subtract from the whole gross weight, and the remainder 
will be the neat weight. 

Or, if the weight of the contents of every box, or bag, Ac. 
be the same, you may find the neat weight of the contents 
x)f one of the boxes, &c. by Case I., which multiply by the 
number of boxes, and the product will be the neat weight 
of the whole. 

EXAMPLES. 

1. In 8 bags of pepper, each weighing 85 lb. 4o?. groM« 
tare per bag 21b. 15oz., how much neat ? 

Operation by the first method. 
lb. oz.- lb, oz. 

85 .. 4 2 .. 15 tare per hag, 

8 no* of bags. 8 no. of bags. 

682 .. whole gross wt 2^ .. 8 whole iar*. 

23 .. 8 whole tare, deducted. 



^58 .. 8 neat wi. Ans. 

02 
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f 

Operation by the second method, 
lb. oz. 

85 .. 4 gross weight of each bag. 
•/Lf- ^2 .. 15 tare of do. 

82 .. 5 neat weight of do. 
8 no. of bags. 



Ans. 658 .. 8 whole neat weight. 
2. Required the neat weight of 7 tierces of rice, which 
together weigh 30cwt. 2qr. 71b. gross, tare per tierce 34ib. 
34x7=238 lb.=2cwt. Oqr. l41b.=whole tare, 
cwt. qr. lb/ 
Then, from 30 .. 2 .. 7 the whole gross wt. 
subtract 2 .. .. 14 the tare. 



Ans. 28 .. 1 .. 21 neat weight. 
3. In 12 firkins of butter, each weighing 56 lb. gross, 
tare per firkin 111b., how much neat? Ans. 5401b. 

CASE III. 

When the tare is so much per cwt, 

liULE. 

Take such proportional part, or parts, of the whole gross 
weight as the tare is of 1 cwt., for the 2(?AoZe tare; which 
subtract from the gross, and the remainder will be the neat 
weight. 

Or, multiply the pounds gross by the tare per cwt., and 
divide the product by the number of pounds in 1 cwt., and 
the quotient will be the tare, in pounds ; which subtract 
from the gross, and the remainder will be the nea* weight. 

EXAMPLES. 

1. In 34cwt. 2qr. 81b. gross, tare 141b. per cwt., how 
much neat ? 

Operation by the first method. 

lb. cwt. Cwt. qr. lb. Here, because 141b.=J of 

14 = J ) 34 .. 2 .. 8 gross. a cwt,, I take | of the gross 

4 .. 1 ..8 tare. weight, for the whole tare ; 

■ ■ ■ which I subtract from the 

4Q9. 30 .. 1 .. neat. gross, and the remainder is 

the neat we^hl^^^gl^ 
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Operation by the second method. 
34ewt. 2qr. 8 lb. =3872 lb. gross weight. 
14 lb. tare per cwt. 

15488 
3872 

lb. 

No. of lb. in 1 c\vt.= 112)54208(484 whole tare. 
Then, from 3872 lb. gross, 
subtract 484 lb. tare. 



Ans. 3388 lb.=30 cwt. 1 qr. neat weight. 
. 2. What is the neat weight of 4 hogsheads of tobacco, 
€achweighing8cwt. 2qr. 12 ib. gross, tare 21 lb. per cwt.? 
Cwt. qr. lb. 

8 .. 2 .. 12 gross wt. of 1 hhd. 
4 no. of hogsheads. 

14=J)34 .. 1 .. 20 gross wt. of the 4 hhd. 

7=2) 4.. 1 .. 6 tare, at J41b. per cwt. 
2..0.. 17 do. at 7 do. 



6 .. 1 .. 23 do. at 21 do., deducted. 



Ans. 27 .. 3 .. 25 neat weight. 

3. In 2281b. 12oz. gross, tare 281b. per cwt., how much 
neat weight? Ans. 1711b. 9oz. 

4. What is the neat weight of 7 barrels of potash, each 
weighing 201 ib. gross, tare 101b. per cwt.? 

Ans. 12811b. 6oz. 

CASE IV. 

When tret is allowed with tare. 

RULE. 

1. Find the tare as before, which subtract from the gross, 
and call the remainder suttle. 

2. Divide the suttle by 26,* and the quotient will be the 

* The reason of dividing by 26, is because 4 Ib. is ^V of 1041b.; But it 
the tret sboold be at any other rate than 41b. |>er 1041b., then other parti 
must be taken, according to the rate proposed. 
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tret, which subtract from the suttle, and the remainder will 
be the neat weight. 

EXAMPLES. 

1. In 6881b. gross, tare 6881b. gross. 

641b., tret 41b. per 1041b., 64 tare, deducted. 



how much neat weight ? 



26)624 suttle. 

24 tret, deducted. 



Ans. 600 lb. neat wt. 

2. In 10001b. gross, tare 381b., tret 41b. per 1041b., how 
much neat weight ? Ans. 9251b. 

3. Required the neat weight of 4 tierces of rice, each 
weighing 5461b. gross, tare 781b. per tierce, and tret as 
usual? Ans. 18001b. 

4. Required the value of the neat weight of 4 casks of 
tobacco, at 12 cents a lb. ; their weights being 121 lb., 
1361b., 1841b., and 1051b. gross, tare 161b. per cwt. and 
tret 41b. per 1041b. Ans. $54. 

Note*— ^Another allowance, called Cloff^ is sometimes 
made, of 21b. in every 3cwt., (or f of a lb, per cwt.,) which 
may be found by Case III. 



INTEREST, 

Is an allowance made by the Borrower to the Lender* 
for the use of money lent ; and is usually computed at some 
rate per cent, per annum.* ^ 

The sum lent is called the principal. 

The aggregate sum of the principal and interest is called 
the amount. 

* The rate per cent, is the interest {or money allowed for 
the use) of one hundred dollars, or pounds, 6lc. for any 
time specified, but usually for a year.t 

"* Per cent. a means by the hundred ; and per annum, by the year. Cent . 
. is a contraction of een/um, the Latin (or hundred, 

t Lawful or li^al interest, is that which is porniitted by (he laws of I he 
dUte» It itdiverent under dUSTerent govornmejits. In England the 
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Interest is of two kinds, Simple and Compound, 

SIMPLE INTEREST, 

Is that which is allowed on the Principal only. 

PROBLEM I. 

To find the interest of a given sum, for any given time, at 
a given rate per cent, per annum* 

RULE I.* 

1. Multiply the given principal by the rate per cent.; 
divide the product by 100, (or, in Decimals and Federal 
money, point off in the said product two more decimal pla- 
ces than usual in Multiplication of Decimals,) and the quo- 
tient, (or result,) will be the interest of the given sum for 
one year. 

2. For any number of years ; multiply the interest of 
the given sum for one year by the given number of years: 
And /or parts of a year, work by the rules of Practice ; that 
is, take such part, or parts, of the interest for one year as 
the time is of one year ; (allowing 12 months to make 1 
year, and 30 days 1 month ;t) then add together the interest 
for the several parts of a year, and also, the interest for the 
whole years, if any, in the given time, and the sura will be 
the whole interest sought. 

Or, work by the Rule of Three thus : As 1 year : is lo 
the given time :: so is the interest of the given sum for one 
year : to the interest required. 

established rate is 6 per cent, per annum ; in the Statesof New England 
it is 6; and in some of the other States it is 7 per cent The Courts of 
the United-States allow interest according to the practice of the Stale 
where the suit is commenced. The rules of the Courts in the States of 
Connecticut and New-Tork, for computing legal interest, will be given 
immediately before " Compound Interest." 

* The first part of this rule is a contraction of a process in the Rule of 
Three; for, by the rule of Three, the interest of any sum for a year is 
found thus ; as lOOD. : is to the given sum :: so is the rate per cent, per 
annum : to the interest of the given sum for a year. Therefoi^, the op- 
eration by the above rule is the same as by the Rule of Three, only the 
question is not stated in the usual form. The reason of the remaining 
part of the rule is obvious. 

t The average number of days in each month is nearly 30 1-2 ; but if 
80 days be called a moutbi it will be sufficiently exact for ordinary cal- 
culations. ( \ 
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Note. — When the amount is required, add the interest 
to the principal. 

Proof.— By the Single Rule of Three, or by Compound 
Proportion. 

EXAMPLES. 

1. Required the interest of 425D. 60c. for 1 year, at 6 
per cent, per annum. 

$425.50 Principal. 

6 Rate per cent. 



Ans. $25.5300 Interest. 



Here, I multiply the 
principal by the rate per 
cent., and point off in the 
product two more decim- 
al places than usual in 



Multiplication of Decimals, (which is the same as dividing 
by 100,) and I have $25.53, the interest sought. 

2. Requir'ed the amount of $125 for 3 years, at 7 per 
cent, per annum. 

$125 
7 



Here, J find the interest for 1 
year, as in Ex. 1st. I then mul- 
tiply the interest for 1 year by 3, 
the given number of years, and 
the product is the interest for 3 
years ; to which I add the given 
principal, and the sum is the 
amount sought. 
$151.25 Amount, Ans. 

3. Required the interest of 425 D. 17 c. for 5 years, 2 
months and 20 days, at 6 per cent, per annum. 
$425.17 
6 



8-75 Int. for 1 yr. 
3 No. of years. 

26.25 Int. for 3 yr. 
125. • Principal. 



2mo.={ 



15da.=} 
6da.=J 



25.5102 Interest for 1 year. 
5 



yr. mo. da. 

127.5510 Int. for 5 .. .. 

4.251+ Do. for 2.. 

1.062+ Do. for 15 

.354+ Do. for 5 



Ans. $133,218+ Do. for 5 .. 2 .. 20 
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Here, I first compute the interest of the given sum for 
the given number of years, as in Ex. 2d. I then find the 
interest for the parts of a year thus : 2 months being J of a 
year, I take « of the interest for 1 year, for the interest for 
2 months: then, because 15days=4 of 2months, I take J 
of the interest for 2 months, for the interest for 15 days; 
and, because 5 days=3 of 15 days, I take I of the interest 
for 15 days, for the interest for 6 days. Lastly, I add to- 
gether the several interests for the years, months, and days, 
in the given time, and the sum is the interest required. . 

N. B. In the last example, in dividing by the aliquot 
parts of a year, &c. I rejected all the fractional parts of a 
mill. The like omissions are also made in the following 
examples. 

4. Required the interest of $578 for 3 months, at 7 per 
cent, per annum. 

Here, $578x7=$40.46, the interest for 1 year. Then, 
(because 3 months=4 of a year,) $ 40.46-i-4=$10.115, the 
Ans. , 

5. Required the interest of $42 for 1 year, at 5.] per cent 

Here, $42x5i=$2.31, Ans. 
Required the interest of 

784.65 for 1 year, at 6 per cent. Ahs. 47.079 

240.20 for 4 years, at 7 per cent. Ans. 67.256 

180.48 for 8 years, at 5 per cent. Ans. 72.192 

64.40 for 2 years, at 4f per cent. Ans. 6.1 18 

72.20 for 1 yr. and 6 mo., at 7 per cent. Ans. 7.581 

26.70 for 7 yr. and 8 mo., at 4 per cent. Ans. 8.188 

120 for 4 yr. 1 mo. 20 da., at 6 per cent. Ans. 29.80 

600 for 1 yr. 7 mo. 18 da., at 7 per cent. Ans. 68.60 
Required the amount of 

76.45 for 1 year, at 6 per cent. Ans. 79.977 

400 for 4 years, at 5 per cent. Ans. 480. 

146 for 2 yr. and 3 mo., at 6 per cent. Ans. 164.575 

48 for 2 mo. and 15 da., at 6 per cent. Ans. 48.50 

18. Required the interest of 573/. 13s. 9i^d for 2 years and ' 
6 months, j^t 6 per cen^ 
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L. s. d. q. 

573..13..9..2 

6 



100)3442.. 2..9..0 



6 months=} yr.)34 .. 8 .. 5 .. 0+ Interest for 1 year. 

2 No. of years. 



68.. 16..10..0 Interest for 2 years. 
17.. 4.. 2.. 2 Do. for 6 months. 



Ans. L86.. I..0..2+Do. for 2 yr. and 6 mo. 
19. Required the interest of 25Z. for 4 years, 2 months, 
and 15 days, at 6 per cent. Ans. 6Z. 6s. 3d. 

Rule II.* For Federal Money. 

1. Reduce the given time to months ; reducing the days, 
if any, to the decimal of a month. 

2. Multiply together the given principal and the months 
(or months and decimal parts) in the given time; point off 
in the product two more decim/al places than usual in Mul- 
tiplication of Decimals, and you will have the interest, of 
the given sum at 12 per cent. 

3. When the given rate per cent, is an aliquot part of 
12, take the like proportional part of the interest at 12 per 
cent, for the in terest required. When the rate per cent, is 
not an aliquot part of 12; then multiply the interest at 12 
per cent, by the given rate, and divide the product by 12, 
and the quotient will be the interest required* 

Note 1. — To reduce to the decimal of a month any num- 
ber of days less than 30; divide the days by 30, and the 
quotient will be the decimal required : Or you may omit 
the cipher in the divisor, and divide by 3 ; taking care when 
the number of days is less than 3, to prefix a cipher to the 
quotient. The quotient should always be found to two de- 
cimi^l places when the true. decimal consists of so many 

*The interest of 100 dollars, at 12 per cent, per anoum, is Just 1 dol* 
lar per month ; whence the reason of Ihfs rule is evident. — This meth- 
od of computing interest is usually more concise and conveoient than 
any other, especially when the principal is federal money. 
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J)laces. When the given number of days is 30, call th^ 
days a month, or .99 of a month. 

Note 2. — When the given principal is pounds, shilling^ 
and pence, the interest may be computed by the foregoin j 
i-ule, if the parts of a pound be first reduced to the decimal 
of a poilnd. After having found the* interest, or the amount, 
in pounds and decimal parts, you may then find the value 
of the decimal of a pound, as in Case II. Reduction of De^ 
cimals. 

felXAMPLES. 

1. Required the interest of $40 for 4 years, 2 monthsf 
and 17 days, at 6 per cent, per annum. 

4 years and ^ months are==50 months. 
30)17. Days. 

50.5ff-|-Months,=4yh2mo. l7dai 
40 D. Principal. 



12^6=2)20.2240 Interest at 12 per cent. 

Ans. $10,112 Do, atOpercfenti, 
Itere, because 6, the given rate per <;ent., i^ ^ of \% 1 
take ^ of the interest at 12 per cent, for the interest at 6 
p^r cent. 

2. Required the interest of $450*27 for 24days« at 7 per 
cent, per annum. 
Here 24-f-30=:.8 of d month; 

$450.27 Here the rate per cent, is not an ali- 

.8 quot part of 12, and therefore I multi- 

■ ■ ply the interest at 12 per cent, by the 

3.60216 given rate, and divide the product by 

7 12 ; which gives the interest required. 

In multiplying by the given rate per 



12)25.214 cent. I reject those figures of the mul- 

tiplicand which are to the right hand 

$2,101+ Ans. ofthe place of mills; and the Itke ornis^ 
sion may be made in every similar operation* 

Required the interest* of 
$ *yr. mo. da. $ 

200 for 5 .. 7 .. 12, at 6 per cent. Ans. 67.4() 

48 for 2 .. 8 .. 18, at 4 per cent. Ans. hM\6 

* ' • p 
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$ yr. mo. da. $ 

27a75 for 6 .. 21, at 3 per cent. Ans. 6.062 + 

150 for 1 .. 4 .. 3, at 6 per cent. Ans. 10.0625 

660/. for 1 yr. and 8 mo., at 6 per cent. Ans. L. 65. 

75/. 158. for 6mo> and 24da., at 4 per cent. Ans. L. l,7Y7 

. * PRaBLEM II. 

To find the interest of a given sum for a given number of 
days, at a given rate per cent, per annum, 

RULE I. ^ 

Multiply together the principal, the number of days, and 
the rate per cent. ; divide the product by 36500, and the 
quotient will be the interest required.* 

EXAMPLES. 

1. Required the interest of $730 for 50 days, at 6 per 
cent, per annum. 

Here, $730x50x6=$219000, and $219000+36500=$6, 
the Ans. ^ 

2. Required the interest of $481.75 for 25 days, at 7 per 
cent, per annum. Ans. $2,309+ 

3. Required the interest of $372.50 for 308 days, at 4^ 
per cent, per annum. * Ans. $14,144+ 

Note, — When the rate is 5 per cent, per annum ; divide 
the product of the principal and the number of days by 
7300, and the quotient will be the interest required.! 

4. Required the interest of $250 ior 63 days, at 5 per 
cent, per annum. 

Here $250x63=$15750, and $15750-i-7300=$2,157+r 
the Ans. 

5. Required the interest of $850, from August 15th, 
1829, till February 15th, 1830, at 5 per cent, per annum. 

Ans. $21.424+ 

* The reason for dividing by 36500, is, that there are 365 days io a 
common year, and divtdiDg by 36500 ia the same as dividing by 365 and 
by 100. 

t This is a contraction of the foregplftg rule : Dividing by JttX) give* 
the tfame result as multiplying by 5 aii4 dividiiig by 36500. r 
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The number of days in any part of a year may be found 
by the following"table. . 
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184 SIMPLE INTEREST. 

Illustration of the foregoing table. — :To find the num-? 
ber of days from August 15th, 1829, to February 15th, 
1830, I find August in the left hand column, and Feb. at 
Ihe top of the table ; and against the former month, and 
under the latter, I find 184, the number of days required. 
In like manner the number of days from any day of any 
given month tq the same day of any other month may be 
found. 

If the given days of the months be different, the differ- 
eiice must be added to, or subtracted from the tabular num- 
ber, as the case shall require.' Thus, to find the number 
of days from March 4th, to July 20th, (of the same year,) 
I find, by the table, that the number of days from the 4th of 
March to the 4th of July is 122 ; to which I add 16, (the 
difference between 4 and 20,) and the sum is 138 days, the 
time required. Again, to find the number of days from 
May 21st to Dec. IJth, I look in the table, and find that 
from May 21st to Dec. 21st there are'214 days ; from which 
pumber I subtract 10, (the difference betw'een21 and 11^) 
find the remainder is 204, the number of days required. 

In leap years, if the last day of February be included in 
the given time, the tabular number must be increased 1. 
Thus, froni the 1st day of Feb. to the 1st day of May, ^n 
ie^^p year, there are 89+1=90 days. 

The following method of computing interest for days is 
very accurate, and when the principal is Federal money, 
and the rate per cent, is an aliquot part of 36, it is very 
convenient. 

Rule II. — For Federal Money. ' , ' 

1. Multiply together the given principal and the number 
of days, and point off in the product three more decimal 
places than usual. Subtract from this product one-seven- 
tieth part of itself, and the remainder will be the interest at 
36 per cent. 

%. When the given rate per cent, is an aliquot part of 36, 
the like proportional part of the iiiterest at 36fijer cent, 
will be the interest required. When the rate per cept. is 
not an aliquot part of 36; multiply the interest at 36 per cent 
\ij the given rate; divide the produpt by 36,. (or divide 
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twice by 6,) and the quotient will be the interest required.* 
Note 1. — To deduct -,V of the product of the principal 

and days, divide the said product by 7, set the quotient one 

place farther to the right hand than usual in short division, 

and subtract it from the dividend. 

Note 2.— The 2d Note under Rule 11. Prob. I. is also 

applicable to this Rule. 

EXAMPLES. 

1. \Miat is the interest of 84D. 28c. for 40 days, at 6 per 
cent, per annum ? 

$84.28 Here, because the rate per cent. 

40 is { of 36, I take J of the interest 

-T at 36 per cent., for the interest re* 

7)3.37120 quired. In performing the opera- 

.048 tion I reject all the figures beyond 

-r the place of mills. Fractional parts 

,36-4-6=6)3.323 of a mill may always be rejected io 

computing interest by this ruJe. 

Ans. $.553-f 

2. What is the interest of $100 for 147 days, at 6 per 
cent.? Ans. $2,415 

3. Required the interest of $78 for 64 days, at 4 per cent. 

Ans. 54c. 6m.-f 

4. Required the interest of 676D. 50c. from the 4th of 
October, 1829, till the 1st of February, 1830, at 7 per cent. 

Ans. $15.5365 

5. Required the interest of $150 from April 1st till June 
^th, of the same year, at 5 per cent. Ans. $1,642-4- 

Note 3. — When the rate per cent, is not an aliquot part 
of 36, it will sometimes be convenient to first compute the 
interest at some other rate, which is an aliquot part of 36, 
and then increase or diminish the interest thus found, by 
4Some part or parts of itself whicb will give the true interest 
required. Thus, if the interest at 6 per cent, be increased 
by \ of itself the sum will be the interest at 7 per cent. ; or, 
if the interest at 6 per cent, be diminished by | of itself, the 

* The interest of $1, at 36 per cent, per annum, (reckon* 
ing 365 J days to the year,) is very nearly f^ of a milh per 
«day ; whence the reason of this rule is obvious. 
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remainder will be the interest at 5 percent.: Also, i of the 
interest at 9 per cent, is the interest at 41 per cent., &c. It 
will be well for the learner to solve questions 4th and 5th 
^n this way. 

Note 4. — When the rate is 7 per cent, the interest may 
pe computed as follows : From twice the giv^n principal 
subtract iV part of the said principal ; multiply the remain- 
der by the number of days ; point off in the product four 
more decimal places than usual in' multiplying decimals, 
and you will have the interest required,* 

6. What is the interest of 12;25.86D* 

f 25.86 for 80 days, at 7 per 2 

cent, per annum ? 

51.72 
—2.155 



49.565 

. 8a 

\ Ans. $.3965200 

7. Find, by the method laid down in the last Note, the 
interest of $72, for 172 days, at 7 per cent. Ans. $2.3736 

PROBLEM III. 

Ih calculate interest on Accounts Current.^ 

I 

RULE, 

When you wish to close an account current, and intend 
to charge interest on every particular entry, the shortest 
piethod of computing the interest, is the following : 

1. Find the number of days from the date of the first 
f^harge to the close of the account, or time of settlement. 
Proceed in the same manner with all the accounts, both on 
the Pr. and Cr. sides. 

2. Multiply each sum on the Dr. side by its correspond-- 

* This is a very easy and accurate melbod of computing interest at 7 
per cent. Tbe method is a contraction of the 2d general rule for coA- 
puting interest for days. 

' ^ t An account current contains a statement of the mercantile transao* 
lions of one persoa wiHi another, wheu immediate payments are not 

f*'*^* ^ Digitized by VjOOQ IC 



SIMPXE INTISREST* 



187 



ent number of days,and add all these products into one sum 
total. In like manner, multiply each sum on the Cr. side 
by its correspondent number of days, and find the sum of 
the products. 

3. Find the difference between the two sums of products, 
(by subtracting the less from the greater,) which difference 
multiply by the rate of interest per cent.; divide the pro- 
duct by 36500, and the quotient will be the interest re-* 
quired. — The interest, thtis found, must be added to the 
amount of the debts when the sum of the products on the 
Dr. side exceeds the sum of the products on the Cr. side ; 
but when the latter sum exceeds the former, then the inter-? 
est belongs on the Cr. side. 

Note. — When goods are sold on a stipulated credit, i. e, 
for three, six, or nine months, or whatever time may be 
agreed on ; that time must be taken off, in computing inter- 
est ,on the value of such goods, which is readily done by 
beginning to count the time of each charge so much after 
its date. 



EXAMPLES. 



Ex, 1. James Smith, Baltimore, in Account Current with 
David Wanzer, New- York. 

Dr. Cr. 



1829. 
Feb. 11 

26 
June 20 



To balance by 
ac't. furnish'd, 186.50 
Toam't.ofSug.214.75 
To Goods, 515.25 



1829. 
March 24 
April 6 
Sept. 26 



167 
348 



By Flour, 
By Cash, 
By Bill on 
James Hicks, 250 



To close this account on the 10th day of Dec. 1829; who 
is indebted, and how much, allowing interest at the rate 
of 7 per cent, per annum ? 

Operation* 



Dr. side. 

From Pays. 

Feb. 11 to Dec. 10 =302 

26 to do. p=287 

June 20 to do. =173 



Cr. side. 

From Days, 

March 24 to Dec. 10" =261 

April 6 to do. =248 

Sept. 26 to do. = lib 
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$ Days. $ 
186.50x302=56323.00 
214.75x287=61633.25 
515.25x173=89138.25 



016.50 



207094.50 



$ Days. $ 
167x261=43587 
348x248=^6304 

250x 



j^=18750 



765 



148641 



148641.00 subtracted. 



58453.50 

7 rate per cent. 



36500)409174.50(11.21+ interest due to D. 
$ ^ Wanzer. 

Then, to 916.50 the amount of the debts, 
add 11.21 the interest due. 

From this, 927.71 

subtract 765.00 the amount of Cr. 



Ans. $162.71 Due to D. Wanzer. 

Ex. 2. J. Fox, New-Orleans, in Account Current with 
A. Davis, New-York. 

Dr. Cr. 



1829. 


$ 


1829. 


$ 


May 19 


To Goods, 512.75 


June 11 


By Cash, 200.60 


Aug. 23 


To Flour, 274.00 


Nov. 8 


By Sugar, 580.00 


Oct. 4 


To Goods, 200.00 


Dec. 1 


ByCotton, 340.50 


Nov. 18 


To Linen, 300.00 







How much remained due on this account on the 26th of 
June, 1830 ;' computing iiiterest at 6 per cent, per annum? 

Ans. $187,067+ 

PROBLEM IV. 

To compute interest on Notes, Bonds, 6pe,, having p^trtial 
payments endorsed. 

There has hitherto been much diversity of opinion rela- 
tive to the computation of lawful interest on notes, bonds, 
Ac, on which partial payments have been made ; and sev. 
^ral diiferent rules have been adopted by the Courts in the 
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different Slates. Those which follow are most in use. The 
difference of these rules depends on the principle assumed 
in respect to the time when interest becomes due. 

I RULE I.* 

The following rule is generally thought to allow too 
little interest It has, however, been adopted in some of 
the States. 

1. Find the amount of the given principal for the whole 
time. 

2. Compute the interest on each payment, from the time 
when it was made up to the time of settlement, and add 
all the payments and their interests into one sum. Subn 
tract \his sum from the amount of the principal, and the 
remainder will be the sum due at the time of settlenient. 

RULE II. , 

The following rule has been established by the Courts 
of law in the Slate of New- York. The method is also fre- 
quently practised in some of the other States ; and it is, 
perhaps, as equitable and convenient as any now in use. 

Compute the interest on the given principal, from the 
time when the interest commenced to the first time when a 
payment was made, which, either alone, or together with 
the preceding payments, if any, exceeds the interest then 
due : add that interest to the principal, and from the amount 
subtract the payment, or the sum of the payments made 

* According to (bis rule, interest b nbt considered dne until tlie obliga- 
tion is paid ; and hence interest is Qlloived on all the endorsements, 
from the time they were severally made to the time of final settlemenl. 
Ahbou|;h the rule is evidently founded on an erroneous prin<7i|)le, it watt 
formerly in general use, and is still used by many persons in Ibis country. 
It may inswer for very short periods of time; but when the lime is long 
it win often give very errouequs results ; for it may so hapfien, that iu 
a course of years, the obligation may be canceled, and even the holder 
of the notp brought into debt to the giver, by the payment of the interest 
only, without any part of the principal being paid. Thus> if any sum of 
money whatever should lie at interest 28 years, at 6 per cent, per an> 
num, and tbe interest should be paid annually, and endorsed on the 
obligation; at the end of said term of time the amount of the several 
endorsements, (found according to the above rule.) would exceed the 
amount of the principal; and consequently Ihe lender of the money 
would fall in debt to the borrower, without rectivipg finy (hing iqoro 
ihftu the anouiil interest of the sum lent. * 
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within the time for which the interest was computed, and 
the remainder will be a new principal ; on which compute • 
interest and subtract the payments as upon the fii^t prin- 
cipal, and proceed in this manner to the time of final set- 
tlement. 

Note. — According to the preceding rule, no interest is 
ever to be computed on endorsments ; for the payments 
are to be applied to keep down the interest on the princi- 
pal, so that neither the interest nor 'payments shall ever 
draw interest. 

RULE III. 

The following rule was established in the State of Con- 
necticut, in the year 1784, by the Superior Court of the 
said State. 

1. Compute the interest to the time of the first payment, 
if that be one year or more from the time when the inter- 
est commenced ; add the said interest to the principal, and 
from the amount subtract the payment. Take the remain- 
der fbr a new principal, and compute the interest on it up 
to the time of the next payment, if that be one year or 
more from the time of the former payment ; an:l proceed 
in like manner from one payment to another, till all the 
payments are absorbed; provided the time between one 
payment and another be one year or more. 

% But, if any payment be made before one year's inter- 
est hath accrued, then compute the interest on the prin- 
cipal sum due on the obligation for one year ;* add it to 
the principal ; and compute the interest on each payment 
made within that time, from the time when it was miade 
up to the time to which the interest was computed on the 
principal : subtract the amount of these payments and ^hcir 
interests from the amount of the principal and its interest,' 
and the remainder will be a new principal ; with which 
proceed as before. 

3. If any payments be made of a less sum than the inter- 
est arisen at the time of such payments, no interest is to be 
computed on them, but only on the principal sum, for any 
period. 

* If a year does not ellend beyond the. time of fiaal settlement ; but if 
it does, then compote Ibe interest on tbc principal sum up totbe time of 
settlement. 
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EXAMPLE 1st, 

To be calculated according to the preceding rules^ 

For value received J promised to pay A. B., of order, 
five hundred dollars, on demand, with interest. 

Danbury, Jan, 1, 1827. C. D. 

On this note were the following endorsements : 
March 1, 1828, receivtjd 40 dollars. 
July 1, 1828, " 12 do. 
Sept. 1, 1829, " 8 do. 

Nov. 1, 1829, " 350 do. 
t What was the balance due on the 1st of July, 1830, al- 
lowing interest at the rate of 6 per cent, per annum? 

By Rule I. 

$ « 

500 Principal. 
105 Interest on do. to July 1, 1830,=32 years. 

605 Amount. 

4Q First payment, made March 1, 1828. 

5.60 Interest on do. to July 1, 1830,=2yr. 4mo. 
12. Second payment, made July 1, 1828. 

1.44 Interest on do. to July 1, 1830,=2 years. 

8. Third payment, made Sept. 1, 1829. 

0.40^ Interest on do. to July 1, 1830,=10 months. 
360. Fourth payment, made Nov. 1, 1829. 
14. Interest on do. to July 1, 1830,=8 months. 

431.44 Amount of all the payments, deducted. 

173.56 Balance due July 1, 1830, Answer. 
By Rule II. 

500 Given piji^cipal, January 1, 1827. 
35 Interest on do. to 1st paymeiLt,=14mo. 



635 Amount. 
40 1st payment deducted. 



I9^m^{9?^^' 
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495 New principal, due March 1, 1828. 
9.90 Interest on do. to 2d payment,=4«io« 



504.90 Amount. 
12. 2d payment deducted. 



492.90 New principal, due July 1^ 1828. 
39.432 Interest on do. to 4Ui payment,=l,6mo< 



632.332 Amount. 

358. Sura of the 3d and 4th payments deducted* 



174.332 New principal, due Nov. 1, 1829. 
6.973 Interest on do. up to July 1, 1830,=8mo. 



181.305+ Amountj due Jiily 1, 1830, Ans, 

Note. — Each of the payments, except the 3d, exceeds thd 
interest due on the note at the time of payment. The 3d 
payment, ($8,) being less than the intferest then due, is 
added to the 4th ; and the interest is computed on the 
principal sum from the time of the 2d payment to that of 
the 4th. £^ 

By Rule III. 

500 Given principal. 
35 Int. on do. to 1st payment,=14moi 

5.35 Amount. 
40 1st payment deducted. 

495 New principal, due March 1, 18^*8. 
29.70 Int. onjdo. for 1 year, viz. up to March 1, 1820; 

524.70 Amount* 



12. 2d payment, made July 1, 1^. 
0.48 Int; on do. up to March 1, 1839,=8mo. 



12.48 Amount of 2d payment and int. deducted. 



[Carried np» 
yljoogle 
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612.22 New principal, due ^larch 1, .1829. 
30.733 Int. oa do. for 1} r., viz. up to March 1, 1830. 

542.953 Amount. 



8. 3d payment, which does not bear interest. 
350. 4th payment, made Nov. 1, 1829. 
7. Int. on do. up to Maych 1, 1830,=4mo. 



365. Amount of 3(1 and 4th payments and int. deducted. 



177.953 New principal, due March 1, . 1830. 
3.559 Int. on do. up to July 1, 1830,=4mo. 



181.512 Amount, due July 1, 1830, Arts. 

Note. — The interval of time between the 1st and 2d pay- 
ments being less than a year, the interest is computed on 
the new principal of March 1, 1828, for 1 year, as direct- 
ed in the 2d article of Rule III. The interest is also com- 
puted on the new principal of March 1, 1829, fori year, 
which extends beyond the time of the 4th payment. The 
M payment, (88,) being less than the interest then due, 
(which is $15,306,) ho interest is computed on it. See the 
3d article of Rule III. 

2. A note was given, August 10th, 1824, for $1500, and 
afterwards endorsed as follows : 

Sept. 10th, 1824, received 8 dollars. 

"Oct., 25Lh, 1825, *' 500 do. 

Nov. 15th, 1826, " 40 ' do. ^ 

Oct. 25th, 1827, " 800 do. 
What Aras due on the 10th day of January, 1828, com- 
puting interest according to Rule II. at the rate of 7 per 
cent, per annum ? Ans. $441,868+ 

3. On January 1, 1827, Samuel Trusty owed me $800, 
on which I was to receive interest at 6 per cent. Oi\ July 
1, 1827, he paid me $100; on March 1, 1828, $15; on 
Sept. 1, 1828, $85; and on Jan. 1, 1830, $500. What 
was due October 1, 1830, by the three preceding rules ? 

Ans. BvRulel. $225.05; by Rule U. $238,943+, and 
by Rule III. $238,766 I- 



Q 
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COMPOUND INTEREST, 

Is that which arises from the interest being added to the 
principal, and (continuing in the hands of the borrower) 
becoming part of the principal, at the end ^of each stated 
time of payment. 

1. Find the amount of the- given principal, by SimplcJ 
Interest, for the first year, and this amount will be the prin- 
cipal for the second year: Then find the amount of thi^ 
principal for one year, and it will be the principal for the 
third year ; and so on for any number of years. 

2. When the given time does not consist wholly of entire 
years; find the amount of the principal for the whole years, 
if any, as directed above, and then find the amount for the 
parts of a year. 

3. From the last amount subtract the given principal^ 
and the remainder will be the compound interest for the 
whole time. 

Notc» — The interest is here supposed to be payable an* 
iiually. When it is payable more or less frequently, then 
calculate the interest up to the time when it is due, aM 
add it to the principal, to form a new principal, and so 
proceed. 

EXAMPLES. 

1. What is the compound interest of $400, for 3 yearsy 
at 6 per cent, per annum? ^ ' 

Operation. 
^ $400 given principal. 


24.00 interest for 1 year. 
400. 



424. amount for 1 year* 
6 




[Carried up.- 
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449.44 amount for 2 years, 
6 



26.9664 
449.44 

476.406 amount for 3 years. 
400. given principal deducted. 

$76,406+ compound interest for 3 years, Ans. 

It is not usually necessary to carry the work beyond 
mills. When the fractional parts of a mill are rejected, if 
the figure next to the right hand of the place of mills exceeds 
4, it will be proper to add 1 to the mills. 

2. What is the compound interest of $100, for 2 years, 
at 7 per cent, per^annum ? Ans. $14.49 

3. What is the compound interest of $500,^ for 4 years, 
at 6 per cent.? Ans. ^131.238+ 

4. Jiequired the amount of $78.40, for 2 years, at 5 per 
cent, per annum, compound interest. Ans. $86,436 

5. What will $450 amount to in 3 years, at 7 per cent, 
per annum? Aus. $551,269+ 

6. What will $1000 amount to in 2 years and 8 months, 
at 6 per cent, per annum? Ans. $1168.544 

To solve question 6th, find, the amount for 2 years, and 
then find the amount of that sum for 8 months. 

7. What is the compound interest of $1000, for 4 months, 
at 2 per cent, per mouth? Ans. $82,432+ 

To solve question 7th, find the amount of the princif^al 
for the first month, and then find the amount of that sum 
for the second month, and so on. 

Note. — When the principal is pounds, shillings, &c., it 
will generally be best to reduce the parts of a pound to 
the decimal of a pound, and then find the amount, or inter- 
est, as in federal money. 

• 8. Required the amount of 70Z. 10s. 6d. for 2 years, at 
per cent, per annum, compound interest. 

Ans. L 79.24189=70/. 48, 10d.+ 
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REBATE OR DIS(;OUNT, 

BY SIMPLE INTEREST. 

Discount is an allowance made for the payment of any 
sum of money before it becomes due, and is the difference 
between that sum, due some time hence, and its present 
worth. 

The present worth of any sum or debt, due some time 
,hence, is such a sum, as if put to interest, would, in that time, 
and at the rate per cent, for which the discount is to be 
made, amount to the sum or debt then due.* 

RULE. 

Find, by Simple Interest, the amount of $100, or LlOO, 
&c., for the given time, at the proposed rate. Then say. 

As the said amount of $100, or LlOO, &c. : is to the giv- 
en sum or d^t :: so is $100, or LlOO, &c. : to the present 
worth of the sum or debt. — Subtract the present worth, thus 
found, from the given sum, and the remainder will be the 
discount. 

Or, as the amount of $100, or LlOO : is to the given sum 
:: so is the interest of $10*0 or LlOO : to the discount; 
which being subtracted from the given sum will give the 
present worth. 

Proof. — Find the amount of the present worth of the 
debt, at the given rate and time, and, if the work be right, 
that amount will be equal to the debt. 

« EXAMPLES. 

1. What must be discounted for the ready payment' of a 

* rhe inleredl of any sura, (or any given finiei is greater tiian the dis- 
iioQot on Ibe same stiro, at llie sdoie ra(e, and for the same time; ; the 
discount being the interest oflhe prescut wort/) o( the j^iven i^um ordetit; 
not of the debt itself. It is the croinpion pranti(M*, houever, to de- 
duct the interest, instead of the discount ; (he parlies not attendini! (o 
the real difference between discount and interest. Thus, when 10<) dol- 
lars are discounted fof a year, in this way, at 6 per cenJ,, dollars are 
deducted, and the person to whom the debt is due receives only 94 dol- 
lars. If be were to lead the 94D. on interest) for a year, at 6 per cent , 
the amount would be only 99D 64c., which is 36 cents less than the debt. 
This would, in fact, be discounting at the rate of about 6.4 per cent , in. 
elead of 6 per cent —la Bank Discount, the interest is always considered 
as Ibe discount. 
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debt of $212, due a year hence, at 6 per cent, per annum ? 

The interest of $100 for a year, at 6 per cent., is $6, and 
the amount is $106. Therefore, 

As $100 : $212 :: $100 : $200, the present worth. Then, 
$212— ^200=$12, the discount, Ans. 

Or, as $106 : $212 :: $6 : $12, the discount, Ans. 

This answer may be proved by finding, the amount of 
$200, (the present worth,) for s^ year, at 6 per cent.; wliich 
will be found to be $212, equal to the debt. 

2. How much must be discounted for the ready payment 
of a debt of $456, due 2 years hence, at 7 per cent, per 
annum? Ans. $56. 

3. What is the present worth of $600, due 4 years hence, 
at 5 per cent.? Aus. $500. 

4. What is the difference between the simple interest of 
$1000 for 10 years, at 6 per cent, per annum, and the dis- 
count of thp same sum for the same time and rate ? 

Ans, $225. 
' Note 1. — The present worth of any sum, for any given 
number of months, may be found as follows : Multiply the 
number of months by the rate per cent.,and ?idd tlie product 
to 1200 : then, as this sum : is to 1200 :: so is the debt : to 
its present worth. 

b. Bought goods, amounting to $645.75, on 8 months 
credit ; how much ready money must I pay, discount at 6 
per cent, per annum? 

8x6=48, and 1200+48=1248. Then, as 1248 : 1?00 :: 
$645.75 : $620,913+ Ans.* 

6. What sum of ready money must be paid for a bill of 
202D. 70c., due 2 months and 21 days (or 2.7 months) 
hence, discount at 6 per cent, per annum ? Ans. $200. 

Note 2. — When the rate peV cent, is 6, the discount may 
be found thus : To 200 add the given number of months : 
then, as this sum : is to the given number of months :; sq 
is the debt : to the discount. 

*The reason of the foregoing rule may be shown from 
this example, thus : As 12 months : 8 months :: $6, the in- 
terest^of $100 for 12 months : $f|, the interest of $100 for 
6 months. Then, as $100tf : $100 ; or by reduction of 
both to 12ths, as 1248 : 1200 :: $645.75 : $620,913+ tho 
prese;it worth required. 
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7. What is the discount of $250, due 3 years and 4 months 
(or 40 months) hence, at 6 per cent.t 

As 240 : 40 :: $250 : $41,666+ Ans. 
Note 3. — The present worth of any sum, for any given 
number of days, may be found as follows : Multiply the 
given number of days by the rate per cent., and add the 
product to 36500 : then, as this sum : is to 36500 :: so is 
the debt : to its present worth.* 

8. Required the present worth of a debt of $730, due 
134 days hence, at 6 per cent. 

134x6=804, and 36500+804=37304. Then, afe 37304 : 
36500 :: $730 : $714,266+ Ans. 

Note 4. — To find the discount on a given sum for 60 
days, at 6 per cent., as practised in the banks ; divide the 
given sum by 100, (or, in federal «ioney, remove the de- 
cimal point two places to the left,) and the quotient, (or 
result,) will be the discount required. 

For any other number of days than 00, multiply the dis- 
count for 60 days by the given number of day s, and divide 
by 60. 

9. Required the bank discount on $730, for 60 days, at 
6 per cent. < Ans. $7.30 

10. Required the bank discount on $1000, for 48 days, 
at 6 per cent. 

. The discount for 60 days is $10, which being multiplied 
by 48, and the product divided by 60, gives $8, Ans. 

Although the foregoing method of discounting is prac- 
tised at many of .the banks in this country, it is very erro- 
neous ; a year being reckoned only 360 days, and the inter- 
est being allowed instead of the true discount. Some 
persons compute simple interest by the same rule; but it 
always gives the interest about one-seventieth too great ; 
and, therefore, the method is too erroneous for use when 
the given time exceeds a month. ' 

*This rule depends upon the same principle as that giv- 
en in Note 1st, and the reason of it may be illustrated in 
a similar manner, from example 8th, as follows : As 365 
days : 134 days :: $6 : %l^h the intere«3t of $100 for 134 
days. Then, as $100|it : $100 ; or by reduction to 366ths, 
as 37304 : 36500 ;: $730 : $714,266+ the present worth 
re(]|uired. 
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. iVbf e5.-^"When several sums are to be paid at different 
times, find the discount, or present worth, of each particu- 
lar payment, separately, and when so found, add them into 
one sum. 

11. If a legacy is left me of $2000, of which $500 are 
payable in 6 months, $800 in one^ year, and the rest at the 
end of 3 years ; how much ready money oiight I to receive 
for said legacy, allowing 6 per cent, discount ? 

Ans. $1833.372+ 



EQUATION OF PAYMENTS, 

Is the finding a time to pay, at once, several debts, due 
atdi^erent times, so that no loss shall be sustained by either 
party. 

RULE. 

Multiply each debt by the time that must elapse before 
it will become due ; then divide the sum of the products, 
tiius obtained, by the sum of all the debts, and the quotient 
will be the time required.* 

Note* — When the products are taken, all the times, and 
likewise all the debts must be in the same denomination. 
The answer will be in the denomination which the periods 
of time mentioned in the question are reduced to. 

E^AM^LES. 

1. If one person owes to another $300 payable in 4 
months, $400 payable in 6 months, and $600 payable in a 
year; in what time might the ^^hole debt be paid without 
loss to either party ? 

Operation. 
' $ mo. products. 
300 X 4 = 1200 
400x 6 = 2400 
500x12 = 6000 

12D0 1200)9600(8 months, Ans. 

.1 ,1 . . I I , I , , . , I. , .1 , M ■ K 

* This is (be method commonly employed; but it is not exactly equi- 
table, because the interest is allowed instead of the discount* on each 
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2. If a person owes $100 payable at present, and $500 
payable in 4 years; at what time may both debts be justly 
paid at a single payment / 

$ yr. 
100x0= 
500x4=2000 

600 )2000(3^ years=3yr. 4mo. Ans^ 

3. What is the equated time for the payment of three 
debts ; the first of $70.25, payable in 1 month ; the second 
of $140.50, due at 4 months ; and the third of $210,75, due 
at 5 months ? Ans. 4 months. 

4. A owes B $800, of which $2Q0 are payable in 1 year, 
$280 in 2 years, $120 in 3 years, and the rest in 4 years ; 
but by agreement A is to pay the whole at one time : The 
equated time is required. 

Ans. 21^ years ; or 2 years, 4 months, 24 days. 

5. What is the equated time for the payment of two 
debts, the one of $100, due at the end of 40 days, and the 
other of $100, due in 80 days ? Ans. 72 days. 



COMMISSION, INSURANCE, &c. 

Commission is the sum which a merchant charges for 
buying or selling goods for another. 

Brokerage is a smaller allowance of the same nature, 
paid usually for negotiating bills, or transacting other 
money concerns. 

Insurance^ or Assurance^ is a contract by which one 
party, on being paid a certain sum or premium by another, 
on account of property that is exposed to risk, engages in 
case of loss, to pay the owner of the property the sum in- 
sured on it. 



payment which is made before it becomes due. The metboc}, however^ 
is much more convenient than any other, and it is sufficiently exart for 
u»e in ail ordinary cases. A more accurate rule will be given in ** Equa- 
tion of Payments'by Decinaals,"' 
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PROBLEM I. 



To compute the commission^ brokerage, insurance, or any 
other allowanccy on a given si^m, at a given rate per 
. cent* 



RULE. 



Multiply the sum by the r^te per cent., and divide the 
product by 100, (or if the given sum be federal money, 
multiply it by the rate per cent- land point oft* two more 
decimal places than usual in the product,) and the resuh 
will be the answer. 

EXAMPLES. 

1. Find the commission on $250.25, at 2 per cant 
$250.25 Here, I point off in the product of the 

2. given sum and rate per cent, two more de- 

» cimal places than usual in multiplication of 

$5.0050 Ans. federal money, which is the same as dividing 
by 100. 

2. Find the commission on $850, at 2J^ per cent. 

Ans. $21.25 

3. Find the brokerage on $2400, at f per cent. 

Ans. $18. 

4. Required the premium of insurance on $512.50, at 
4 per cent. Ans. 20.50 

5. A man's house, estimated at $3500, was insured 
against fire, for V\ per cent, a year : what insurance did 
he annually pay ? x\ns. $61.25 

PROBLEM II. 

To find how much must he insured on property worth a 
given sum, so that in case of loss, both the value of the 
property and the premium of insurance may be repaid. 

RULE. 

Subtract the rate per cent, from $100 ; then, as the re- 
mainder : i^ to $100 :: so is the value of the property : to 
the sum to be insured. 

EXAxMPLES. 

I. How much must be insured at 8 per cent, on an ad- 
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venture of $6440, so that in case of loss, not only the value 
of the adventure, but also the premium of insurance may 
be paid ? 

Here, as $92 (=100—8) : $100 :: $6140 : $7000, Ans. 

The truth of this operation is proved by finding the 
premium on $7000 at 8 per cent. This is found to be $560. 
Hence, in case of the adventure bein^ lost, the owner will 
receive not only $6440, the value of the adventure, but also 
$560, .the premium ; and thus he will sustain no loss what- 
ever. 

2, What must be the sum insured, at 5} per cent., on 
goods worth $4725, so that in case of loss, the owner may 
be repaid both the value of the goods and the premium of 
insurance? Ans. $5000. 



BARTER, 

Is the exchanging of one comm(Mity for another; value 
for value; according to^ rates or prices agreed upon by the 
parties concerned. 

RULE. 

Find, (by the Rule of Three, or by t^ractice, &c.) the 
value of that commodity whose quantity is given ; then 
find what quantity of.the other, at the proposed rate, can 
be purchased for the same money, and it will be the answer. 

EXAMPLES. 

1. What quantity of flax, at 12} cents per lb., must be 
given in barter foi* 5 yards of cloth, at 45 cents per yard ? 

$.15x5 S2.25, value of the 5yds. of cloth. 

Then, as $.125 : $2.25 :: lib. : IJ^lb. Ans. 

2. How many pounds of butter, at 20 cents per lb., must 
be given in barter for 14 yards of cloth, at 25 cents per 
yard? . Ans. 1741b. 

3. How. much wheat, at $1.25 a bushel, ought to be 
given for 50 bushels of rye, at 70 cents a bushel ? 

Ans. 28 bush. 

4. How many bushels of salt, at 62|- cents a bushel^ 

Digitized by VjOOQ IC 



BARTER. 203 

tnust be given for 20 bushels of odts, at 25 cents a bushe] ? 

Ans. 8 bush. 

5. How many bushels of corn, at 5s. a bush., ought to be 
given in barter for 84 bushels of wheat, at Ts*. Od. a bush.? 

Ans. 126 bush. 

6. Sold goods to the value of $214, and received in pay^ 
ment 120 bushels of corn, at 60 cts. a bushel — the remainder 
is to be paid in wheat, at $1.25 a bushel : how much wheat 
will pay the balance ? Ans. 113i-bush. 

7. A gives 13 250 yards of clofli, at 24 cents per yard, 
for 3001b. of loaf sugar : what was the sugar worth per lb.? 

• Ans* 20 cents. 

8. Two merchants barter: A has 20cwt. of cheese, at 
IZ. Is. 6d. per cwt.; B has 8 pieces of cloth, at 3Z. 14s. per 
piece — I desire to know who must receive the difference, 
and how much ? Ans. B must receive of A 8/. 2s. 

Note.. — Sometimes, in bartering, one commodity is rated 
above tlic ready money price ; then, to find the bartering 
price of the other, say, 

As the ready money price of one commodity : is to that 
of the other :: so is the bartering price of the former : to 
that of the latter. 

Then, find the quantity required, according to either the 
bartering or ready money price. 

9. A has ribands at 24 cents per yard, ready money ; 
but in barter he will have 27 ceiits. B has broadcloths at 
3D. 84c. per yard ready money : at what rate must B value 
his cloth per yard, to be equivalent to A's bartering price, 
and how many yards of riband, at 27 cents per yard, must 
then be given by A for 200 yards of B's broadcloth ? 

As $.24 : $3.84 :: $.27 : $4.32, B's bartering price. 
$4.32x200=$8()4, value of the 200yds. of cloth. 

Then, as $.27 : $864 :: 1 yd. : 3200 yds. of riband. 

Ans. B must value his broadcloth at $4.32 per yard, and 
he must receive 3200 yards of riband for the 200 yards of 
cloth. 

10. - A has ^^K) yards of linen cloth, worth 25 cents a yard, 
ready money, which he barters with B at 31 cents a yard, 
taking sugar of liim at 10 cents a pound, which is worth but 
8 cents u lb. ready money : who gets the best bargain ? 
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6201b. of sugar, at barter price, will pay for the 200yd. 
of linen, at the bartering price. 

Value of the 200yd. of linen at cash price = ^50.00 
Do. of the 6201b. of sugar at do. ' = 49.60 

Difference, $ .40 
Ans. B gets the best bargain, by 40 cents. 



LOSS AND GAIN, 

Is a method of computing the profit or loss on the pur- 
chase and sale of goods. The rules for making calculations 
of this kind, are only particular applications of the Rule of 
Three. 



When the hvying and selling prices are given, to find 
what is gained or lost by selling. 

RULE. 

First, find the value of the commodity at the price it cost ; 
then find its value at the price sold at ; and the difference 
between these will be the gain or loss. 

Or, as 1 yard, or lib. &c. : is to the given quantity :: so 
is the gain or loss on 1yd. or lib. &c. : to the whole gain 
or loss. 

EXAMPLES. 

1. A merchant sold 100 yards of cloth at ID. 50c. a yard, 
which cost him ID. 25c, a yard : how much did he gain by 
the sale ? 

$1.50xl00=$150 Selling price. 
1.25xl00=$125 Prime cost. 

Ans. $ 25 Whole gain. 
Or, by the second method thus : $1.50— 1.25.-$.25, the 
gain per yard. Then, as 1yd. : 100yd. :: $.25 : $25, Ans, 

2. Bought 25 yards of broadcloth at 5 D. a yard, and 
sold the same at 5 D. 75 cts. a yard : how much did I gain 
by the bargain? ' o..eieo^^f^^« 
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3. Bought a piece of baize containing 42 yards, for IID. 
81c., and sold it at 31 cents a yard : what was the gain or 
loss on the whole piece ? Ans. $1.21 gain. 

4. Pought llcwt. of sugar at 31. 8d. per cwt., but c6uld 
not sell the same for more than 2Z. 16s. per cwt.: how much 
did I lose on the whole? Ans. 21. lis. 4d. 

5. Bought a pipe of wine at $1.75 per gallon ; paid the 
freight $3.46 ; paid for carting the same $2.52 ; and by 
accident 46 gallons leaked out : at what rate must I sell the 
remainder per gallon to gain on the whole $6 ? 

Ans. $2,906. 
Note. — When goods are bought or sold on credit, you 
must calculate, (by Discount,) the present worth of their 
price, in order to find the true gain or loss. 

6. Bought 204 yards of broadcloth, at $2.25 a yard, and 
sold the whole for $510, on'4 months credit: what did I 
gain or lose, allowing discount at 6 per cent, a year? 

fjp ?P fj) 

As 102 : 510 :: 100 : 500 Present worth. 
$2.25x204=459 Ppme cost. 

$ 41 Gain, Ans. 

7. Bought 412 bushels of rye for $206, and sold the same 
' at 60 cents a bushel, on 6 months credit: what did I gain, 

allowing discount at 6 per cent, per annum? Ans. $34. 

CASE II. 

To find what is gained or lost per cent. 

RULE. 

As the prime cost : is to $100 or LlOO :: so is the gain 
or loss on the cost : to the gain or loss per cent. 

EXAMPLES. 

1. If I buy cloth at 88 cents per yard, and sell it at ID. 
lOci per yard : what do I gain per cent., or in laying out 
$100? 

Sold at $1.10 per yard. 

Cost, .88 do. 

Gain, .22 do. 
Then, as $.88 : $100 :: $.22 : $25 Ans. 
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2. If tea be bought for 87J cents per lb. and sold at ID. 
13Jc. per lb., what is the gain per cent.? 

Ans. $38,571 + 

3. Bought a pipe of wine for $150, and sold the same at 
$1.25 per gallon : did I gain or lose by the sale, and how 
much per cent.? Ans. Gained 5 per cent. 

4. If I buy cloth at 6s. 8d. per yard, and sell the same at 
7s. 4d. per yard, what do I gain per cent.? Ans. L 10. 

5. Bought Wheewell's Mechanics and Dynamics for 
$7.25, Laplace's System of the World for $5.75, Bonny- 
castle's Algebra for $6,375, and Simpson's Fluxions for 
$5.75 : sold all those books f6r $30 ; how much is the gain 
per cent ? Ans. $19,402+ 

6. If I buy cloth at $4.16 per yard, on 8 months credit, 
and sell it at $3.90 per yard, ready money, what do I lose 
per cent., allowing 6 per cent, discount on the purchase 
price? Ans. $2.50 

CASE III. 

To know how a commodity must he sold to gain or lose a 
certain rate per cent, 

RULE. 

As $100 : is to $100 ^vith the gain pxjr cent, added, or 
loss per cent, subtracted :: so is the purchase price : to the 
selling price. 

EXAMPLES. 

1. How must tea, which cost 92 cents per lb., be sold 
per lb. to gain 25 per cent.? 

$100 :^125 (=100+25) :: $.92 : $1.15 Ans. 

2. How must pork, which cost 4^- cents per lb., be sold 
to gain 20 per cent.? Ans. At 5c. 4m. per lb. 

3. Bought cloth at 50 cents per yard, which not proving 
as good as I expected, I am willing to lose 10 per cent.: at 
what price per yard must I sell it ? Ans. 45 cents. 

4. Bought goods to the amount of $875, and by selling 
the same gained 25 per cent.: what did I get for the goods ? 

Ans. $109^.75 

CASE IV. 

When the gain or loss per cent, and the selling price arc 
givejf, to find the first co^,,,,(^oog[Q 
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RULE. 

As $100 increased by the gain per cent, or diminished 
by the loss per cent. : is to $100 :: so is the selling price ; 
to the prime cost. 

Note. — Cases III. and IV. prove each other. 

EXAMPLES. 

1. If 25 per cent, be gained by selling tea at $1.15 per 
lb., what was the prime cost per lb.? 

As $125 : $100 :: $1.15 : $.92 Ans. 

2. If 20 per cent, be gained by selling pork at 5c. 4nL 
per lb., what was the prime cost per lb.? Ans. 4J cents. 

3. If 12 per cent, be lost by selling 120 yards of broad- 
cloth for $422.40, what was the prime cost per yard ? 

Ans. $4. 

CASE V. 

If by goods sold at a given rate^here is so much gained or 
lost per cent., to find what would he gained or lost per 
cent, if sold at another rate. 

RULE. 

As the first price : is to the second :: so is $100 increas-<- 
cd by the gain per cent, or diminished by the loss per 
cent. : to a fourth number. If this fourth number exceeds 
$100, the excess is the required gain per cent.; but if it be 
less than 100, that deficiency is the loss per cent. 

EXAMPLES. 

1. Sold a quantity of wheat at $1.50 per bushel, and 
thereby gained 25 per cent.: what should I have gained or 
lost per cent, if I had sold the wheat at $1.08 per bushel ? 

$1.50 : $1.08 :: 125 : 90. Then 100—90=10. 

Ans. I should have lost 10 per cent. 

2. If I sell sugar at $8 per cwt., and thereby gain 12 per 
cent. ; what should I gain per cent, by selling it at $9 per 
ewt.? Ans. ^ per cent. 

3. If by selling coflTee at 24 cents per lb. I gain 20 per 
cent., what should I gain or lose per cent, by selling it aJ 
20 cents per lb.? Ans. Nothing. 
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FELLOWSHIP, 

Is a rule, by which any si^m or quantity may be divided 
into any number of parts, which shall be in any given pro- 
portion to one another. 

By this rule are adjusted the gains or loss or charges of 
partners in company ; or the effects of bankrupts, or lega- 
cies in case of a deficiency of assets or effects, &c. ' 

Fellowship is either Single or Double. ItisSingle,orSimple» 
when the shares or portions are to be proportional each to 
one single given number only ; as when the stocks of part- 
ners are all employed for the same time, or when they are 
considered without regard to time : And Double, or Com- 
pound, when each portion is to be proportional to two or 
more numbers; as when the stocks of partners are employ- 
ed for different times. 

SINGLE, OR SIMPLE FELLOWSHIP. 

GENERAL RULE. 

Add together the numbers which denote the proportion 
of the shares. Then say. 

As the sum of the said proportional numbers ; is to each 
particular proportional number :: so is the whole sum to 
be parted or divided : to the share or part corresponding 
to each respective proportional number. 

Or, As the sum of the stocks of all the partners : is to 
each partner's particular stock :: so is the whole gain or 
loss : to each partner's share of the said gain or loss. 

Or, if the given sums he federal money, you may divide 
the whole gain or loss by the whole stock, as in Division of 
Decimals, and the quotient will be the gain or loss on the 
dollar ; which being multiplied into each partner's share 
of the stock, will give the required shares of the partners. 

To prove the work: Add all the shares or parts together, 
and the sum will be equal to the whole stock, or number 
to be shared, if the work be right. 

EXAMPLES. 

I. To divide the number 240 into three such parts, as 
shall be in proportion to each other as the three numbers 
1, 2 and 3. 
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Here 1+2+3=6, th€ sum of the pi-oportional numbers. 
Then, 

6 : 1 :: 340 : 40 the 1st part. ) 

6 ; 2 :: 240 : 80 the 2d part. > Ans, 

6 : 3 :: 240 : 120 the 3d part. ) 



Sum of all, 240 Proof. 

2. Two merchants, A and B, enter into partnership : A's 
stock is $2500, and B's $1500. Required the share of 
each in a gain of $200. 

Here $2500+1500=$4000, the sum of the stocks. Then, 

^ 4& tHi &t 

4000 : 2500 :: 200 : 125 A^s share. > . 
4000 : 1500 :: 200 : 75 B's share. J ^"^• 

\ 200 Proof. 

Or, otherwise thus : $200-i4000=$.05, the gain on each 
dollar of the whole stock. Then, 

2500x.05=125 A's share. ) . 
1500x.05= 75 B's share. S 

3. Three partners. A, B, and C, purchased goods to the 
amount of $800; of which A paid $120, B $200, and C 
$480; and by selling the goods they gained $160. What 
was each partner's share of the gain? 

Ans. A's $24, B's $40, and C's $96. 

4. Three merchants, A, B, and C, freighted a ship from 
Madeira for Liverpool, with 216 tuns of wine; of which A 
owned 96, B 72, and C 48 tuns ; the mariners meeting with 
a storm at sea were constrained for the safety of their lives 
to cast 45 ^uns thereof overboaud: How many of the 45 
tuns did each merchant lose, according to his rate of the 
adventure ? Ans. A 20, B 15, and C 10 tuns. 

5. A bankrupt owes to A $900, to B $850, to C $640, 
to D $150, to E $750, and to F $310; and his whole es- 
tate amounts to only $1800. If his estate be delivered up 
to these creditors, how much will he pay in the dollar, and 
what sum will each creditor receive ? 

Ans. 50 cents in the dollar ; and A will receive 1$450, 
B ¥435, C $330, D $75, E $375, and F $155. 
0. A and B purchased a house ^jointly for $4000, and 
* B3 
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afterwards let it for the yearly rent of §650 : what share 
of the yearly rent must each receive, the one having con- 
tributed $1850, and the other $2150? 

Ans. $300,625, and $349,375 

7. If a tax of $1200 be laid oh a town, and the inventory 
or grand list of the town is $500000 ; what is A's tax, 
whose list amounts to $4500? Ans. $10.80 

8. A and B, trading together, gained $100. A put in 
$640 ; B put in so much that he received $60 of the gain : 
I demand B's stock ? 

As $40 : $60 :: $640 : $960, B's stock, Ans. 

9. Pewter is composed of 1 12 parts of tin, 1& of lead, 
and 6 of brass : How much of each ingredient is requisite 
to make 2661b. of pewter ? ' 

Ans. 2241b. of tin, 301b of lead, and 121b. of brass. 

10. 76 parts of nitre,- 14 of charcoal, and 10 of sulphur, 
compose gunpowder : How much of each of these ingredi- 
ents will be requisite to form 501b. of gunpowder? 

Ans. 381b. of nitre, 71b. of charcoal, and 51b. of sulphur, 

11. Proof spirits are composed of 48 parts of alcohol, or 
pure spirit, and 52 parts of water: how much of each of 
these are contained in 25 gallons of proof spirits ? 

Ans. 12 gallons of alcohol, and 13 gallons of water. 

CONTRACTION. 

The work may often be much abbreviated by dividing 
the particular stocks, or proportional numbers, by any 
number that will measure or divide them, and then using 
the quotients instead of the numbers so divided. 

EXAMPLES. 

' 1. Two merchants, A and B, trading together, gained 
$812— -A's stock was $2400, and B's $3200 ; What was 
each man's share of the gain ? 

Divisor. Stocks. Quotients. 



800 



$2400 I 3 
3200 4 



5600 7 Sum. 

7 :J :: $812 : $464 B's share. ^ 
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2. Three men, trading together, gained $450 — A's stock 
was $900, B's $1800, and C's $4500: What was each 
man's share of the gain ? 

Ans- A's $56^5, B's $112.50, and C's $281.25. 



DOUBLE, OR COMPOUND FELLOWSHIP, - 

Is concerned in cases in which the stocks of partners are 
employed dr continued for different times. 

RULE. 

Multiply each partner's stock by th6 time of its continu- 
ance ; then divide the quantity, as in Single Fellowship, 
into shares, in proportion to these products, by saying, 

As the total sum of all the said products : 
Is to each partner's particular product :: 
So is the whole gain or loss : 
To each partner's share of the gain or loss.* 

Note 1. — The several stocks, and also the times, must 
be reduced to the same denomination, when they are of 
different denominations. 

Note 2. — The operation may frequently be contracted by 
dividing either the several stocks, or products, by a com- 
mon divisor, and then using the quotients instead of the 
numbers so divided, as in Single Fellowship. 

Proof. — The method of proof is the same as in Single 
Fellowship. 

EXAMPLES. 

1. Two merchants traded together — A put in $1200 for 
6 months, and B $400 for one year ; and they gained $280: 
what was each partner's share of the gain ? 

* Wbeo (be limes are equal, the shares of (he gain or loss are evidendy 
^as the s(ocks, asin Single Fellowship; and when (he slocks are equal, 
the shares are as the times ; wherefore^ when neither are equal, thd 
shares must be as their prodacts. 
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Operation. 
9 mo. 
1200X 6=7200 
400x12=4800 



12000. 

loAAH . S "^'^^ I .. <iki>fin . S *168 A's share. ; . 
12000 : j 4yoo ; :: $280 : J ^^j^ B's share. J ^"'- 

Or, fty contraction, as follows : 
Divisor. Stocks. Quotients. mo. 

$1200 I 3 3x 6=18 

400 I 1 1x12=12 

30 



400 



in . M^ ^ .. A*>ftn ' ^ $1^^ A's share. ) .^ 
30 : ^ j2 ^ .. $280 . ^ ^j j^ g,g ^^^^^ ^ Ans. 

2. Two merchants traded in company ; A put in $215 
for 6 months, and B $390 for 9 months ; but by misfortune 
they lose $200 : how must they share the loss ? 

Ans. A's loss is $53.75, and B's $146.25 

3. Three persons received $665 interest : A had put in 
$4000 for 12 months, B $3000 for 15 months, and C$5000 
for 8 months. How much is each person's part of the 
interest ? Ans. A's part is $240, B's $225, and C^s $200. 

4. A, B and C, hold a pasture in common, for which they 
pay 45D. 60c. a year. A put in 8 oxen for 6 weeks, B 12 
oxen for 8 weeks, and C 12 oxen for 12 weeks: How much 
must each pay of the yearly rent? 

Ans. A $7.60, B $15.20, and C $22.80 

5. Two merchants enter into partnership for 18 months. 
A at first put into stock $500, and at the end of 8 months 
he put in $100 more. B at first put in $800, and 4 months 
after that took out $200. At the end of the 18 months 
they find they have gained $500 : what is each man's share 
of the gain ? 

500x18=9000 800x18=14400 

100x10=1000 200x14= 2800 



A's prod. 10000 11600 

B's prod. 11600 



Sum, 21600 . 
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21fi00 • ^ ^^^^ I •' t500 • 5 «231.48+A's share. ^ 
^IbOO .^ ^ ^j^^()^ .. foOU . ^ $268.51+ B^s share. \ ^"^• 

6. A and B companied — A put in $1000 on the 1st of 
January ; but B could not put in any till the Ist of May : 
what did he then put in, to have an equal share with A at 
the end of the year? 

As 8mo. : 12mo. :: $1000 : $1500 Ans, 



EXCHANGE!, ' 

Is the method of finding what sum of the money of one 
country is equivalent to any given sum of the money of 
another. 

By the par of exchange between two countries, is meant 
the intrinsic value of the money of one country compared 
with that of the other, and estimated by the weight and 
fineness of the coins. If the exchange be made at the in- 
trinsic value of the money of the different countries, it is 
said to be at par ; but if.thc money of one country be es- 
timated at more or less than its intrinsic value, the exchange 
is said to be above par, or below par. 

Owing to changes in the course of trade, and to the de- 
demand for money, &c., the relative value of the money of 
two countries is liable to frequent changes. Hence the 
course of exchange, or the current price of exchangCy 
must vary with these circumstances, and be sometimes 
above, and sometimes below par. Tables of the course of 
exchange are published daily in the great commercial cities. 

There are two kinds of money; real and nominal, or 
imaginary. All gold, silver, and copper coins, are called 
real money : and the imaginary money is a denomination 
used to express money, of which there i@ no real species 
current, pi ecisely of the same value; as a livre in France, 
and a pound and penny in the United-States. In some 
countries they keep their accounts and calculate their pay- 
ments in imaginary money. 

Of the Currencies of Great Britain, and the United-States, 
Accounts are kept in England, Irela^J^jJi^j^^J^h Prov- 
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inceg in America, ind by many persons in the United- 
States, in pounds^ shillings, pence, and farthings ; 1 pound 
being=20 shillings, 1 shilling=12 pence, and 1 penny=4 
farthings. The real values of these denominations, how- 
ever, are different in different countries and states : Thus, 
in England, Ll=f4i=$4.444+, and consequently ls.=$f 
=$.222+, and 4s. 6d. or 54 pence=81 ; in Ireland Ll = 
$4/j=$4.102+, and 4s- lO^d. or 58.5 pence=$l ; in Nova- 
Scotia,^ the Canadas, and the adjacent British Provinces, 
LI =$4, and 5s.=$l ; in the New-England States, and in 
the States of Virginia, Kentucky, and Tennessee, Ll=$3i 
=$3,333+, and 6s.=$l ; in New- York and North-Carolina, 
Ll=$2i-, and 8s.=$l ; in New- Jersey, Pennsylvania, Del- 
aware and Maryland, Ll=$2| =$2,666+, and 7s. 6d. or90 
pence=$l; in South-Carolina and Georgia, Ll=$4f=$4.28- 
6+, and 4s. 8d. or 56 pence=$l. 

Note. — English moriey is usually denominated sterling 
trloney. For the sake of brevity, I shall call the currency 
of Nova-Scotia, the Canadas, &c., Nova-Scotia currency ; 
that of New-England, Virginia, &c., New-England curren- 
cy; that of New- York and North-Carolina, New- York cur- 
rency ; that of New-Jersey, Pennsylvania, &c., Pennsyl- 
vania currency; and that of South-Carolina and Georgia, 
South-Carolina currency. 

PROBLEM I. 

To reduce pounds, shillings, pence, and farthings, of the 
various currencies, to Federal money. 

RULE I. 

1. Where a dollar is an exact number of shillings, as 
in the currencies of New-England, New- York, and Nova- 
Scotia; reduce the given sum to shillings and decimal parts; 
then divide it by the number of shillings in a dollar, and 
the quotient will be the answer in dollars and decimal parts. 

2. Where a dollar is not an exact number of shillings ; 
reduce the given sum to pence; then divide it by the num- 
ber of pence in a dollar, and the quotient will be the answer. 



If there are parts of a pound in the given sum, reduce 
them to the decimal of a pound, and annex this dccim- 
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al to the number of pounds, if any; then multiply this sum 
by the number of dollars in LI of the given currency, and 
the product will Ije the answer. « 

Note, — To reduce parts of a pound to the decimal of a 
pound, or parts of a' shilling to the decimal of a shilling, 
&c., work by tiie rule for Case III. Reduction of Decim- 
als. The decimal part of each denomination ought to be 
found to three places of decimals, when the true decimal 
contains so many places. 

EXAMPLES. 

1. Reduce i4Z. lis. 8}d. Nova-Scotia currency, to fed- 
eral money. 

Operation by Rule I. 

Here I reduce the given 
sum to shillings and decimal 
parts, and ha^ve 491.708 s., 
which I divide by 5, the num- 
ber of shillings in a dollar, 
and the quotient is the answer. 



L. s. 


4 


2q. 


24 ..11 


12 


8.5d. 


20 







5)491. 708s. 



491s. 



12 
20 



Ans. $ 98.341+ 

Operation by Rule II. 
2q. Here I first reduce the parts of a 

pound, viz. lis. SJd., to the decimal 

8.5d. ' of a pound ; then I multiply the 

whole sum by 4, the number of dol- 

11.708s. lars in a pound, and the product is 

— '■ • the answer. 



24.585Z. 
4 



$ 98.340+ Ans. 

2. Reduce 28Z. lis. 6d. New-England currency, to fed- 
eral money. Ans. 896.25 

3. Reduce 48Z. 8s. New-Ydrk currency, to federal moncv- 

Ans. $121.* 

4. Reduce 36/. lis. 8^d. Pennsylvania currency, to fed- 
eral money. 

36Z. Us. 8d. 2q.=8780.5d., and 8780.5-i-90^$97.561+, 
the Ans. — Here, I first reduce the given sum to pence and 
decimal parts ; then I divide it by IK), the number of pence 
in a dollar, and the quotient is the answer. / ^^,^1^ 
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5. Change 54Z. 16s. 9Jd. South-Carolina currency, into 
federal money. .' . . 

Here, 54/. 10s. 9d. 3q.=13lG1.75d., and 13161.75^56= 
$235,031 K t'ic Ans. 

Or, otherwise thus : Since 8x7—56, consequently 
13161.75-1-7-1880.25, and 1880.25-^-8-$235.031+, the an- 
hwer, as before. 

6. Change 48Z. 14s. S^d. sterling, or English money, into 
federal money. 

Here, 18/. 14s. 8d. lq.=11696.25d., and 11696.25-5-54= 
S216.597+, the Ans. 

Or, since 9x6=54, you may divide the pence by 6, and 
the quotient by 9, and the last quotient will be the answer. 

7. Reduce 15s. 6'id. sterling, to federal money. 

Ans. §3.449+ 

8. Change 278/. 15s. 9d. Irish money, into federal money. 
Here, 278/. i5s. 9d.=66y09d., and 66909-^58.5=$! 143.- 

743+, the Ans. 

9. Change 100/. Irish money, into federal money. 

Ans. 8410^256+ 

PROBLEM II. 

^ To reduce Federal money topoundsy shillings^ 6fC. 

RULE. 

Multiply the dollars and decimal parts, either by the 
number of shillings, or by the number of pence in a dollar, 
and the product will be the answer in the same denomina- 
tion with the multiplier. 

Or, you may divide the given sum by the number of 
dollars in LI of the currency to which the said sum is to be 
reduced, and the quotient will be the answer in pounds and 
decimal parts. 

Note. — When the answer contains a decimal fraction, the 
value of the fraction may be found as in Case II. Reduction 
of Decimals. 

EXAMFLES. 

1. Reduce 46D. 75c. to pounds, &c. Nova-Scotia currency. 
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LI 1.6875=^11/. 13s. 9d. Ans. 
Explanation.-^ln working by the first method, I multi- 
ply the given sum by 5, the number of shillings in a dollar, 
and the product is the answer in shillings and decimal 
parts; which being reduced to pounds, &c. is 11/. 13s. 9d. 
In working by the second method, I divide the given sum 
by 4, the number of dollars in LI, and the quotient is 
LI 1.6875; the decimal parts of which I reduce to shillings 
and pence, and then I have 11/. 13s. 9d. for the answer, 
as before. 

2. Reduce 365D. 20c. to New-England currency. 
Here $365.20x6=2 19 1.20s. =109/. lis. 2id.+ Ans. 

3. Reduce $100 to New-England currency. Ans. 307. 

4. Reduce $100 to New- York currency. Ans. 40/. 

5. Reduce $100 to Pennsylvania currency. 

Here $100x90=9000d.=37/. 10s. Ans. 

6. Reduce $100 to South-Carolina currency. 

Ans. 23/. 6s. 8d. 

7. Reduce $100 to sterling money. Ans. 22/. lOs. 

8. Change $75,085 into sterling money. 

Ans. 16/. 17s. 10Jd,+ 

9. Reduce $100 to pounds,. &c- Irish money. 

Here 100x58.5=5850d.=24/. 7s. 6d. Ans. 

10. Change $75,085 into Irish, money. 

Ans. 18/. 6s. id.+ 

PROBLEM III. 

To reduce pounds^ shillings^ pence, andfarthingSi froth, 
one currency to another. 

RuLE.-Work by the Single Rule of Three thus ; As the val- 
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ue of a dollar in the currency given: is to the value of a dol- 
lar in the currency required :: so is the sum given : to its 
value required. 

Or, work by the particular rules or theorems in the fol- 
lowing table. 
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Note 1. — To find any rule in the foregoing table; look for 
th€ given currency in the left hand column, and then look 
along the top for the currency required, and directly below 
this, in a line with the given currency, you will find the 
rule. Thus, to find the rule for reducing New- York cur- 
rency to Penn. currency, find New- York in the left hand 
column, and Penn. at the top of the table, and in aline with 
the former and under the latter, is the rule, viz. subtract 
■jV' — When the rule directs to add, or subtract, then add to 
the given suni, or subtract from it, such part of itself as the 
rule directs, and the result will be the answer. Where the 
rule directs to multiply by a fraction, multiply the given 
sum by the numerator of the fraction, and divide the pro- 
duct by the denominator, and the quotient will be the an- 
swer. 

The particular rules in the table are founded on the par 
of exchange, and they are nothing more than common con- 
tractions of the operations by the Rule of Three. 

' EXAMPLES. 

1. Change 48Z. 15s. 6d. New-England currency, into New- 
York currency. 

Operation by the Rule of Three. 

s. s. L. s. d. 
As 6 : 8 :: 48 .. 15 .. 6 ; the 4th terra. 
8 



6)390.. 4..0 

Ans. L 65.. 0..8 
Operation by the tabular rule. 
L. s. d. 
3)48 .. 15 .. 6 Here I add to the given sum J 

+16.. 5. .2 of itself, and the amount is the 

answer. 

Ans. L65.. 0..8 

2. Change lOi. 14s. 7^d. New-York currency, into New- 
England currency. 

Operation by the Rule of Three. 
As 8s. : 6s. :: lOL 14s. 7d. 2q. : 8Z. Os. lid. 2}q. Ans. 
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Operation by the tabular rule. 
L. 8. d. q. 
4)10.. 14.* 7.. 2 Here I subtract from the 

— 2 .. 13 .. 7 .. 3+ given sum i of itself, and the 

remainder is the answer. 

Ans. L 8.. 0.. 11..3— 

3. Reduce 252Z. 18s. 4d. Pennsylvania currency, to Eng- 
lish or Sterling money. 

Performed by the Rule of Three as follows: — 
As 0Od. : 54d. :: 252Z. 18s. 4d. : 151Z. 15». Ans. 
Performed by the tabular rule as follows: — 
L. s. d. 
252 .. 18 .. 4 Here I multiply by | ; that is, 

3 I multiply the given sum by 3 

and divide the product by 5. 

5)758.. 15 ..0 

Ans. L151..15..0 

In the preceding examples, the operations by the tabular 
rules are contractions of the operations by the Rule of 
Three. Thus, in example 1st, the first term of the propor- 
tion or analogy, increased by f of itself, is equal to the se- 
cond term ; (that is, 6 increased by i of itself, equals 8 ;) 
and hence, (by the 3d contraction in Simple Proportion,) 
the third term, viz. the given sum, increased by -J- of itself, 
is equal to th§ fourth term, or answer. In the 2d example, 
the first term of the proportion diminished by -J- of itself, is 
equal to the second term; and therefore the third term, or 
given sum, diminished by } of itself, is the answer. In the 
3d example, by dividing the first and second terms of the 
proportion by 18, the quotients are 5 and 3; and hence, 
(by the 2d contraction in Simple Proportion,) the fourth 
term, or answer, is found by multiplying the third term, or 
given sum, by 3, and then dividing the product by 5. — The 
other rules in the table are found in a similar manner. See 
the Note immediately after the 3d Contraction in Simple 
Proportion. 

4. Reduce lOOZ. New-York currency, to each of the 
ether currencies mentioned in the foregoing Table. 

Ans. 75Z. New-England currency, 93Z. 158. Pennsyl- 
vania currency, 58/. Os. 8d. South-Carolina currency. 
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62Z. 10s. Nova-Scotia currency, 56Z.5s. Sterling, 60Z. 18s. 
9d. Irish. 

6. Reduce lOOZ. New-England currency, to each of the 
other currencies before mentioned. 

Ans. IdSi 68. 8d. New- York currency, 125Z. Penn. cur., 
77Z. 16s. 6fd. S. Carolina cur., 83Z. 6s. 8d. Nova^Scotia 
cur., 75Z. Sterling, 81 Z. 5s. Irish. 

Note 2. — Sometimes the rate of exchange is stated at a 
certain sum per cent.; that is, lOOZ. in one country are 
worth so much more than lOOZ. in the other. When this 
is the case, add the rate per cent, to lOOZ.; then consider 
in which currency lOOZ. are worth the most : If in the cur- 
rency required, make the amount of lOOZ. and the rate per 
cent, the first term of a proportion, and lOOZ. the second 
term ; but if the rate per cent, be in favor of the given 
currency, then make the said amount the second term, and 
lOOZ. the first ; and, in each case, make the given sum the 
third term. Then resolve the statement as usual, and the 
result, or fourth term, will be the answer ; as in the two 
following examples. 

6* Halifax is indebted to London, lOOOZ. Nova-Scotia 
currency: how much is that in Sterling money, if the 
exchange be at 11 per cent, in favor of London ? 

Here, lOOZ. in the required currency are=100-t-l 1=1 11 Z. 
in the given currency : Therefore, 

As 111 : 100 :: lOOOZ. : 9007. 18s.+ Ans. 

7. Liverpool is indebted to Boston 750Z. sterling : how 
much is that in New-England currency, if the exchange be 
at 33^ per cent, in favor of Liverpool? 

As 100 : 133i :: 750Z. : lOOOZ. Ans. 

PROBLEHI IV. 

To reduce the Coins, Currencies, Weights, and Measures^ 
of any countfy to those of any other. 

Rule.— Work by the Rule of Three, or by Practice, &c. 

Note. — In order to solve the following questions, it will 
he necessary for the learner to consult the 19th, 20th, an4 
IJlst, sets of Tables in Reduction. 
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BXAMPLS8 OF EXCHAMOIKO COINS AND CVRREKCIB^^ 

Of French Money. 

Note. — Francs and centimes art written in the same 
manner as dollars and cents are ; the francs being consid- 
ered integers, and the centimes decimal parts. So, 250 
francs and 28 centimes, are written thus, 250.2^r. A ci- 
pher must be prefixed to the centimes when their number 
is less than 10 : thus, 7 francs and 5 centimes are equal to 
7.05 francs. 

Ex» 1. Reduce 1578 francs, 24 centimes, to federal money. 

1 franc is equal to 18?^ cents,=8.1875 : Therefore, as 1 
franc : 1578.24 francs :; $.1875 : $295.92, the answer. 

2. Change $98.64 into francs. 

As $.1875 : $98.64 :: Ifr. : 526.08 francs,=526 francs, S 
centimes, Ans. 

3. Change 100 francs, 20 centimes, into federal money. 

Ans. $18.7875 

4. Change $112,725 into French money. 

Ans. 601fr. 20cen. 

Of the Netherlands. 

5. Reduce 40 guilders, 18 stivers, 1 grote, 7phennings, 
to federal money. 

1 guilder=40 ccnts=$.40: Therefore, 

As 1 guild. : 40 guild. 18 stiv. 1 gr. 7phcn. :; $.40 : the 
4ih term : Or, by reducing the first and second terms to 
phennings, to make them both simple quantities of the 
same denomination, — As 320phen. : 13103 phen. :: $.40 : 
$16,378+ Ans. 

6. Change $127.41 into Dutch guilders. 

As $.40 : $127.41 :: 1 guild. : 318,525 guilders,^318 
guilders, 10 stivers, 1 grote, Ans. 

Of Spain, 

7. Reduce 50 piastres, 5 rials, 17marvadies of plate, to 
federal money. 

1 rial ofplate=10 cents=$.10 : therefore, 
As 1 rial ; SOpias. Sri. 17marv. :: $.10 : the 4th term: 
Or, by reducing the first and second terms to marvadies, — r 
As 34marv. : 13787 marv. :; $.10 : $40.55, the answer. * 
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Or, otherwise thus: Bino^l rial of plate is equal to 1 
dime, it is evident that if the given sum be reduced to rials 
and decimal parts, it will then be the answer in dimes. 
Now, 50 piastres, 5 rials, 17 marvadies of plate, are3=405.5 
rials, or dimes ; and 405.5 dimes are=$40.55, the answer, 
as before. 

8. Reduce $48,155 to rials of plate. 
$48,155=481.55 dimes, or rials of plate,=481 rials, 18iV 

marvadies, Ans. 

9. Reduce 1000 rials vellon to federal money. 

1 rial veIlon=5 cents=$.05 : therefore, 1000x.05=$50, 
Ans, 

Of Portugal 

Note 1. — Since 1000 reas of Portugal are equal to I mil- 
rea, it is evident that any number of reas less than 1000 may 
be considered as decimal parts of a milrca, and expressed 
like other decimal fractions. "So, 24 milreas and 587 reas 
are=24.587 milreas. A cipher must be prefixed to the 
number of reas when it consists of two figures, and two 
ciphers when it consists of only one figure. Thus, 8 mil- 
reas and 45 reas=8.045 milreas ; and 2 milreas, 7 reas,= 
2.007 milreas. 

10. Reduce 45 milreas, 78 reas, to federal money. 

45 milreas, 78 reas,=45.078 milreas; and 1 milrea=$1.24: 
hence, 45.078xl.24=$55. 89672, Ans. 

Note 2. — To reduce any given sum of federal money to 
Portuguese money, at par, divide the dollars, (or doUart 
and decimal parts,) by 1.24, carrying on the quotient as far 
as three decimal places when there is a remainder : then . 
the integral part of the quotient will be the milreas, and the 
decimal figures the reas. 

11. Reduce $19.53 to milreas. 

Here 19.53-j-I. 24=1 51750 milreas,=15 milreas, 750 reas, 
Ans. 

12. Change $8,712 into Portuguese money. 

Ans. 7.025+ milreas, or 7 milreas and 25 reas. 

East-India Money. 

13. Reduce 80 pagodas of India to federal money. 

.1 pagoda=$1.84: hence, $1.84x80=x$147.20, Ana. 
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14. Reduce 428 rupees ofOengal to federal money. 

1 rupee=50 cents=$.50, and 128x.50=$64, An». 

15. Change 47 tales of China into federal money. 

1 taleofChina=$I.48,and91.48x47=$69.66, Ans. 

I - 

Money of the ancient Jews, or Israelites* 

16. The patriarch Abraham gave 400 shekels of silver 
for the cave and field of Machpelah: how much federal 
money is equal to that sum ? 

1 shekel of silver=8.507: therefore, $.507x400=$ 202.80, 
the answer. 

17. The gold and silver used in building the tabernacle, 
(Exodus XXXVIII. 24, 25,) amounted to 29 talents 730 shek- 
els of gold, and 100 talents 1775 shekels of silver: Re- 
quired the value of the whole in federal -money. 

1 talentt=3000 shekels : therefore, 29 talents 730 shekels 
of gold=87730 shekels, and 100 talents 1775 shekels of 
silver=301775 shekels. Then, 
Shek. $ $ 

87730x8.511=746679.77+ value the gold. 
301775X .507=152999.92+ do. of the silver. 



Ans. $899679.69+ 

Note, — In the preceding rules and examples in Exchange, 
the course of exchange between the United-States and other 
countries is supposed to be at par. The course of ex- 
change, however, is, (as I have before stated,) often either 
above or below par ; and, in such cases, the value of the 
given sum, or bill of exchange, must be calculated accord- 
ingly. In procuring bills of exchange on Great Britain, a 
premium is usually paid, which varies from 4 to 16 per 
cent., according to the state of trade. — When the course of 
exchange is at a given rate per cent, above or below par, 
it will generally be the most convenient way, to first per- 
form the exchange, or find the value of the given sum, at 
par, and then find the true value according to the 2d Note 
in Prob. III.; as in the following example. 

18. A merchant in New-York owes a merchant ih Liver- 
pool 375/. 10s. 6d. sterling : how many dollars must the 
merchant in New- York pay for a bill to that amount, if the 
premium be 12i per cent.? 
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First, as 4s. 6d. : 375/. 10s. «d :: $1 : 81669, the value 
of the bill at'pftr. 

Then, as $100 : $112] :: $1669 : $1877.625 Ans. 

If the pupil be made fully acquainted with what pre- 
cedes, respecting the exchanges of money, he will find 
very little difficulty, with the assistance of tables, in apply- 
ing the same principles to similar cases, which the pro- 
posed limits of this work do not admit of my illustrating 
individually. To facilitate this, the following tables* are 
annexed, which, together with those, given in Reduction, 
will be found to contain what is most useful and necessary 
on the subject. 

Hamburgh. — 12 fennings=l schilling; 16 schillings^ 
1 mark; 3 marks=l rix dollar=l American dollar. 

There are two kinds of money in Hamburgh, called 
banco, or bank money, and currency, or current money. 
In the former of these, all bills of exchange are valued and 
paid. It is of purer metjO than the currency, and usually 
bears a premium of about 20 per cent. This premium on 
bank money, or difference between bank and current mon- 
ey, is called the Agio. 

Leghorn. — 12 denarii di pezza=l soldo di pezza ; 20 
soldi di pezza=l pezza of 8 reals. Also, 12 dcnari di lira= 
1 soldo di lira ; 20 soldi di lira=l lira ; 5 J lira, moneta- 
buona,=l pezza of 8 reals. 

Par of exchange with Leghorn, 1 pezza of 8 reals=86i 
cents, nearly. 

Genoa. — The same table as for Leghorn serves for Ge- 
noa; besides, 4 lire and 12 soldi=l scudio di cambio^ or 
crown of exchange ; 10 lire and 14 soldi=l scudio d'oro 
marche, or gold crown. — Pezza, or dollar of exchange,= 
85 cents, nearly. 

Naples. — 10 grains=l carlin ; 10 carlins=l ducat regno; 
1 ducat regno=75 J^ cents, nearly. 

Venice. — 12 denari=l soldo ; 20 soldi=l lira ; 6 lire 
and 4 soldi=l ducat current, or of account ; 8 lire=l ducat 
effective ; 1 lira peccola, new coin,=7 cents, 9 mills, nearly. 

Petersburgh. — 100 copecs=l ruble; 1 ruble=$l. 

Vienna. — 4 fennings=l creutzer; 60 creutzers=l flo- 

* These XMts I copy from Rjfon's JkUhmtiic. 
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rin; 90creutzers, or 1^ fl©rins=l rix dollar of account; 1 
11 ori 11=66] cents, nearly. 

Stockholm. — 12fennings, or oers,=l skilling; 48skil- 
lings=l rix dollar=l American dollar. 

Copenhagen. — 12 fenings=l skilling; 16 skilUngs=l 
mark ; 6 marks=l rix dollar=l American dollar. 

The following exercises, which the pupil will find to be 
easily resolved, will serve to illustrate some of the forego- 
ing tables. 

19. Reduce 5127 marks, 5 schillings, Hamburgh money, 
to federal money. Ans. $1709.104+ 

20. Reduce 467 pezzi, 12 soldi, 6 denari, of Leghorn, to 
federal money ; exchange at 86] cents per pezza. 

Ans. $404,495+ 

21. Reduce 1200 ducats regno, 8 carlins, 9 grains, Na- 
ples currency, to federal money ; exchange at 75] cents 
per ducat regno. Ans. $906,671+ 

EXAMPLES OF EXCHANGING WEIGHTS AND MBASURES. 

1. The great bell of Moscow weighs 12500.6 Russian 
poods : how many pounds is that, 2 poods being equal to 
71 lb. Avoirdupois ? 

Poods, poods. lb. lb. 
As 2 : 12500.6 :: 71 : 443771.3 Ans. 

2. The head of Goliath's spear weighed 600 shekels of 
iron : how many pounds is that, Avoirdupois weio'lkt? 

1 shekel=ioz. : therefore, 600-«-2=300oz.=lSiI). 12oz. 
Ans. 

3. If 4 ells of Holland be equal to 3 American yards, how 
many ells of Holland are equal to 75 American yards ? 

Ans. 100. 

4. How many English, or American miles, are equal to 
55 Irish miles ? * Ans. 70. . 

5. The house of the forest of Lebanon, built by King 
Solomon, was 100 cubits long : What was its length in 
American feet! 

rcubit=21 inches, and 21xl00=;r2100in.=:175ft. Ans. 

6. The magnificent temple built by Solomon, was 60 
cubits long, 20 wide, and 30 high : What were its dimen- 
sions in feet? 

Ans. Length 105ft., width 35ft., height 52ift. 
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7. The brazen sea, in Solomon's temple, contained 3000 
baths : reduce these to wine gallons. Ans. 22687i gal. 



CONJOINED PROPORTION, 

Is when the coins, weights, or measures, of several 
countries, are compared in the sanie question ; or, it is 
joining several proportions together, and by the relation 
which several antecedents have to their consequents, the 
proportion between the first antecedent and the last conse- 
quent is discovered, as well as the proportion between 
the others in their several respects. 

Questions in Conjoined Proportion may be solved by the 
Single Rule of Three, or by Compound Proportion ; but 
the following particular rules are generally preferable. 

Case I. — When it is required to find how many of the first 
sort of coin, weight, or measure, mentioned in the queS' 
tion^ are equal to a given quantity of the last. 

Rule. — Reduce all th# quantities which are of the same 
kind to the same denomination, when they are of different 
denominations. Then place the numbers alternately, in 
two columns, the antecedents at the left hand, and the con- 
sequenlB at the right, and let the last number stand on the 
left hand. Lastly, multiply together all the numbers in 
the first column, for a dividend, and those in the second 
column, for a divisor, and the quotient will be the answer. 

Note 1. — Compound quantities must be reduced to sim- 
ple quantities, and each consequent and the next following 
antecedent must be of the same denomination. 

Note 2. — The operation may often be much abbreviated 
by the method of contraction used in Compound Propor- 
tion ; and the work may be proved by Compound Propor- 
tion, or by as many statings in Simple Proportion as the 
nature of the question may require. 

Ex. 1. If 301b. English make 191b. Flemish, and 191b, 
Flemish 251b. at Turin ; how many pounds English are 
equal to 501b. at Turin ? 

Digitized by VjOOQ IC 



S38 ^ CONJOINED mOPORTIOK. 

Antecedents* Consequents, 
201b. Eng. =-19 lb. Flemish 
J 9 lb. Flem.=261b. at Turin 
50 lb. at Turin=:ihe term sought. 
Then, 20x19x50=19000, the dividend; and 19x25=475, 
the divisor. Then, 19000-h475=401b. Ans. 
Or, by contraction, thus :-^ 

?2><i^X50'^40 ^jj^^^^ 
,19'X,25' 1 

2. If 11 Irish miles be equal to 14 English miles, 31 
English miles to 30 Scotch miles, and 120 Scotch miles to 
31 German miles ; how many Irish miles are equal to 28 
German miles ? « Ans. 88. 

•. 3. If 1 bushel of wheat be equal in value to 2 bushels of 
rye, 1 bushel of rye to 3 bushels of oats, and 5 bushels of 
oats to 2 bushels of barley ; how many bushels of wheat 
are equal in value to 20 bushels of barley ? 

Ans. 8J- bush. 

Case II. — When it is require!! to find how many of the last 
sort of coin, weight, or measure, mentioned in the ques- 
tion, are equal to a given quantity of the first. 
Rule. — ^Place the numbers as in Case I., only let the last 
number stand on the right hand : Then multiply together 
all the numbers in the first column, for a divisor, and those 
in the second column, for a dividend, and the quotient will 
be the answer. 

Observe the same Notes here as in Case I. 
Ex. 1. If 201b. English make 191b. Flemish, and 381b. 
Flemish 501b. at Turin ; how many pounds at Turin are 
equal to 401b. English ? 

lb. lb. • Then, by contraction ; — 

20 Eng. =19 Flem. ,2' ,, 

38 Flem.=50 at Tu. ,19'x50x.40'__ ix* . 

40 Eng. -:^X38^~ ""'• 

• 2. If 1 English crown be equal to 1 1 American dimes, 
10 American dimes to 1 Spanish dollar, and 124 Spanish 
dollars to 100 milreas of Portugal; how many milreas of 
Portugal are equal to 62 English crowns „'g,,3,,yCAmgg5. 



AatiiTRAttON OF excuaKoes. 22d . 

S. If 101b. of sugar be equal in value to lib. of tea, 21b. 
of tea to 221b. of raisins, and 51b. of raisins to 40 cents ; 
what is the value of 51b. of sugar ? Ans. 44 cents^ 



ARBITRATION OF EXCHANGES. 

By this term is understood how to choose or determitilf 
the best way of remitting money from abroad with advan« 
tage ; which is performed by Conjoined Proportion, as in 
the following 

EXAMPLE^* 

1. Suppose a merchant in Boston has effects at Amster' 
dam to the amount of $4500, which he can remit by way 
of Lisbon at 840 r^as per dollar, and thence to Boston at 
ID. 40c. per milrea, (or^lOOOreas:) Or, by way of Nantz^ 
at 6 livres jier dollar, and thence to Boston at 20 cents per 
livre : It is required to arbitrate these exchanges, that i8# 
to choose that which is most advantageous* 

Operation. 
First ; by Conjoirfed Proportion, Case II. 
If ID. at Amsterdam:=840 reas at Lisbon, 
1000 reas at Lisbon =1.40 D. at Boston, 
how many D. at Boston=4500 D. at Amsterdam t 
840XL40X4500 ^^ j^.^^^^ . 

1X1000 ^ ^ 

Secondly ; If ID. at Amst. =6 livres at Nantz, 
1 livre at Nantz=.20 D. at Boston, 
how many D. at Boston=4500 D. at Amst.? 

6X.20X4500 Ae>iA^ u r-xr x 

— — =§6400, by way of Nantz. 

1X1 

Then, $5400— 6292=$ 108, advantage by way of Nantiy 
Ans. 

2. A merchant in Liverpool can draw directly for 1000 
piastres in Leghorn, at 50d. sterling per piastre ; but bo 
chooses to r^mit the sum to Cadiz, at 19 piastres for 7000 
marvadies; thence to Amsterdam, at 680 marvadies for 
169d. Flemish ; and thence tp Liverpool, at 9d. Flemish 
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230 VULGAR FRACTIONS. 

for 5d. sterling : What is gained by this circular remit- 
tance, and what is the value of a piastre to him ? 
Operation. 
First; 1000x50=50000 pence, the value of the 1000 pi- 
astres by the direct remittance. 

2dly; If lOpias. at Leghorn=7000 marv. at Cadiz, 
680 marv. at Cadiz ^ 189 d. Flemish, 
9 d. Flemish = 5 d. sterling, 

how many d. sterling=1000 pias. at Leghorn ? 

7000xl89x5xl000^^gggg^ 2q.+, the value of the 1000 

19x680x9 ' . 

piastres by the circular remittance ; which being divided 

by 1000, gives 56d. 3q.+ ^or ^^^ value of 1 piastre. Then 

56888id.— 50000d.=6888,M.-28Z. 14s. id., the sum gained. 

Ans. The sum gained by the circular remittance is ^8Z. 
14s. id.-f- sterling, and the value of a piastre is 56id.-f- 
sterling* 



VULGAR FRACTIONS. 

Having briefly introduced Vulgar Fractions immediately" 
after Compound Division, and given some general defini- 
tions, and a few problems therein, which were necessary to 
prepare the student for learning decimals, &c., I refer the 
learner to those general definitions in pages 110 and 111. 

Vulgar Fractions are cither proper, improper^, singhj 
compound, or mixed. 

A proper fraction has the numerator less than the de- 
nominator ; as i, or f . 

An improper fraction has the numerator either equal to, 
or greater than the denominator ; as f , f , -^j &c. 

A single T>r simple fraction, is a single expression,' de- 
noting any number of parts of the integer ; as J, or f .' 

A compound fraction, is a fraction of a fraction ; or 
several single fractions connected, with the word of be- 
tween them ; as ^ of i of |, or f of f of 8, &c. 

A mixed number, is composed of a whole number and 
a fraction ; as 4J, or 12J, <fec. 
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A whole number may be expressed like a fraction^, by- 
writing 1 below it, as a denominator : So 4 is equal to f , 
and 25 is equal to ^i^. i 

A fraction denotes division ; and its value is equal to the 
quotient obtained by dividing the numerator by the de- 
nominator ; So V is equal to 3, and ^5^ is equal to 4.— ^- 
Hence then, ii* the numerator be less than the denomina- 
tor, the value of the fraction is less than 1 : But if the nu- 
merator be greater than the denominator, the fraction is 
greater than 1 : And if the numerator be the same as the 
denominator, the fraction is just equal to 1. 

The common measure of two or more numbers, is some 
number which will divide each of them feithout a remain- 
der ; and the greatest number that will do this, is called 
the greatest common measure : Thus, 2 is a common meas- 
ure of 8 and 12, but their greatest common measure is 4. 

A number which can be measured by two or more num- 
bers, is called their common multiple ; and, if it be the 
least number which can be so measured, it is called the 
least common multiple : Thus, 24 is a common multiple 
of 2, 3 and 4, but their least common multiple is 12. 

A prime number^ is one which can be measured only 
by itself or a unit; as S, 7, 11, &c. 

PROBLEM I. 

To find the greatest common measure of two or more given 
numbers* 

RULE. 

1. If there be two numbers only, divide the greater by 
the less ; then divide this divisor by the remainder ; and 
so on, dividing always the last divisor by the last remain- 
<ler, till nothing remains ; and the last divisor of all will be 
the greatest common measure sought. 

2. When there are more than . two numbers, find the 
greatest common measure of two of th^m, as before ; then 
do the same for that common measure and another of the 
given numbers ; and so on, through all the numbers to the 
Ust ; then will the greatest common measure last found be 
the answer. 

Note.-^lf it happen that the common measure, found 
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by the abore ^fule, is 1 ; then the giren numbers are in* 
commensurable, or in their lowest terms. 

EXAMPLES. 

1. What is the greatest commcm measure of 459, 972, 
find 273? Ans. 3. 

Operation, 
459)972(2 Here, I find that 27 is the great- 

918 est common measure of 459 and 

' 972. — I next find^the greatest com- 

54)459(8 mon measure of 27 and 273 ; as 
432 follows: 

Last divisor,* 27)54(2 
54 
27)273(10 Here, I find that 3 is the great-. 

27 est common measure of 27 ^nd 

273 ; and this, by the rule, is the 

Last divisor, 3)27(9 greatest common measure of the 

27 three given numbers. 
Required the greatest common measure 
Of 180 and 204, Ans. 12. 

Of 246 and 372. Ans. 6. 

Of 48, 56 and 74. . Ans. 2. 

Of 522, 918 and 1998. Ans. 18. 

PROBLEM II. 

To find ih^ least common multiple of two or more given 
numbers. ^ 

RULE.t 

Arrange the given numbers in succession, and find l)y 

I . . - .... . 

* The truth of tfae foregoing rule may be 9bown frooi this eiHoipie 
thus : Since 27 measures 64, it also measures (54 x 8)-}-^* ^^ ^^^' *bo 
second dividend^ being one of the given numbers; and since 27 meas- 
ures 459, it also measures (459x2)-|~'^^> ^^ ^7^> another of the given 
numbers. So 27 is the common measure of 459 aod 972. It Is also ihe 
grtalesl commoo measure ; for suppose there be a greater; then, since 
the greater measures 459 and 972, It also measures the remainder 54; 
and since it measures 54 and 459, it also measures the remainder 27 ; 
that is, the greater measures the less, which is absurd ; therefore 27 is the 
greatest commoo mea8Qre.-7la the same manner the demonstration may 
be applied to one or more additional numbers. 

t The reason of this rale may be shown from the first eiample: Now, 
2X2X3X9X7, or 760, the product of the first J* J*«^(JJ5^l^P, "um ^ 
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inspection a number which will measure as many of ihetn 
as possible. By this number divide all the given numbers 
which it measures, and write the quotients and the undivi- 
ded niimbers in a line beneath. Proceed in the samie man- 
ner with the numbers in this line; and thus continue the 
process, till no number greater tHan 1 will measure any 
two of the numbers last found. Then multiply all the 
numbers in the last line and all the divisors used in the 
operation, continually together, and the result will be the 
least common multiple required. 

Note. — If no two of the given numbers have any com- 
mon measure greater than unity, then the continual pro- 
duct of the numbers will be their least common multiple. 

EXAMPLES. 

1. What is the least common multiple of 4, 6, 9, and 14 ? 

Operation. 

2)4, 6, 9, 14 Then, 2x3x2x1 x3x'7-252, the Ans. 

Here I survey the given numbers, and 

3)2, 3, 9, 7 find that 2 will measure or divide three 

1 of them, viz. 4, 6, and 14: I therefore 

2, 1, 3, 7 divide them by 2, and set down their quo- 

tients, 2, 3 and 7, under them respect- 
ively, and 9, the number not divided, in the same line. 
Then, I perceive that 3 will measure two of the numbers 
in the second line, viz. 3 and 9 ; so I divide them by 3, and 
set down the quotients, and also 2 and 7, the numbers not 
divided, in a line beneath. There being no two of the 
numbers in the third line which have any common measure 
greater than 1, the numbers are in their lowest terms: So, 
I multiply all those numbers and th6 two divisors, contin- 
ually together, and their product, 252, is the answer. 

bers in the second KDe, is evidently a multiple of each of tbe given nam- 
hers ; 4, Ibe first number, being contained in it 3 X9 X 7, or 189 times ; 
6, the second number, 2 X 9 X 7, or 126 tinlkes, &c. Again, 2X3X2X1 
X3X 7, or252ftbe product of tbe first and second divisors and (be num- 
bers in tbe tbird line, is ajso a common multiple of the given numbers ; 
4b«ing contained in it 3X 1 X 3X7, or 63 times ; 6 the second num- 
ber, 2 X 1 X 3 X 7, or 42 times, &c; and it is evidently tbe ieast commoti 
multiple of those numbers. 

T2 
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What is the least common multiple 

Of 6 and 8? Ans. 24. 

Of 3, 5, 8 and 10? Ans. 120. 

Of 2, 5 and 7? Ans. 70. 

Of 1, 2, 3, 4, 5, 6, 7, 8 and 9? Ans. 2520. 



REDUCTION OP VULGAR FRACTIONS, 

Is the bringing of them out of one form, or denomina- 
tion, into another, in order to prepare them for the opera- 
tions of Addition, Subtraction, &c. 

CASE I. 

To abbreviate or reduce fractions to their lowest terms. 

RULE. 

Find (by Prob. I.) the greatest common jneasure of the 
terms of the given fraction. Then divide both the terms 
by their greatest common measure, and the quotienj;s will 
make the fraction required. 

Or, you may work by the rule given in the Introduction 
to Vulgar Fractions. 

EXAMPLES. 

1. Reduce -ftV to its lowest terms. "^ 
56)119(2 

. 112 Then, 7>i^=r-i\, Ans. 

7)66(8 Here, I first find the greatest com- 

56 mon measure of 56 and 119, which is 

7. Then I divide both terms of the 
given fraction by 7, and it gives -^ for the answer. 

2. Reduce the following fractions to their lowest terms; 
viz. Ht, fit. Iff, and |if|. 

Answers, f, i^f, f|, and f. 

CASE II. 

To reduce an improper fraction to its equivalent whole or 
mixed number. 
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Divide the numeratol* )by the denominator, and the quo- 
tient will be the whole or misled iiumber sought, 

EXAMPLES. 

1. Reduce ^ to its equivalent mixed number. 

. Here 42H-5=8f Ans. 

2. Reduce the following improper fractions to their 
equivalent numbers ; viz. ^^^ H, a«id V- 

Answers, 14tV, 1A» and 6. 

CASE III. 

To reduce a mixed number to an improper fraction of the 
same value. 

RULE. 

Multiply the whole number by the denominator of the 
fraction, and add the numerator to the product; then set 
that sum above the denominator, for the fraction required. 

Note. — This Case is the converse of Case II., and con- 
sequently these two Cases prove each other. 

EXAMPLES. 

1. Reduce 8f to an improper fraction. . 

Here, 8x5=40, and 40+2=42, the numerator : Hence, 
^ 15 the improper fraction required. 

2. Reduce the following mixed numbers to improper 
fractions ; viz. 14iV» 127 iV, and l-gV. 

Answers, V^, H?^, and ff- 

CASE IV. 

To reduce a whole number to an equivalent improper f roc- 
tiony having a given denominator. 

RULE. 

Multiply the whoJe number by the given denominator ; 
then set the product over the said denominator, and you 
will have the fraction required.! 

/ The reason of this rule, and of that for the next Case, is evident from 
the nature of fractions. . 

i Thiiis no more tliiin first maltiplyiog a quantity by some number, 
and then dividiu]^ the result by tbe same Dumber, which it is evident 
does not alter its v«lQe. 
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^6 REDUCTION OF VULGAR FRACTIONS. 
EXAHFLES. 

1. Reduce 5 to a fraction, whose denominator shall be 8. 

Here, 5x8=40, and V the Ans. 

2. Reduce 7 to a fraction whose denominator shall be 4. 

Ans. Y^. 

3. Reduce 1 to a fraction whose denominator shall be 5. 

Ans. f . 

CASE V. 

To reduce a compound fraction to a simple one of equal 
value. 

RULE.* 

1. Reduce all whole and mixed numbers to their equiv- 
alent improper fractions. 

2. Multiply together all the numerators for a new nu- 
merator, and all the denominators for a new denominator, 
and they will form the simple fraction sought ; which re- 
duce to its lowest terms, if necessary. 

Note. — The process may often be very much abbreviated 
by the method of contraction used in Compound Propor- 
tion. 

EXAMPLES. 

1. Reduce i- of f of f, to a simple; or single fraction. 

Here, l>^?>^=A=i Ans, 
2x3x4 
Or, by contraction, as follows : lX,2X3' _i ^^^g 

,2'x,3'x4 ' 

2. Reduce f of -f^ of Bk to a simple fraction. 

8i=Y,andl>^I><L7=lZ?=4i|- Ans. 
6x10x2 100 

* The truth of this rule may be shown as follows : Let 
the compound fraction be f of f . Now ^ of ^ is f -*-3, which 
is jftf ; consequently f of f will be Ax2, or it ; that is, the 
numerators are multiplied together, and also the denom- 
inators, as in the Rule. When the compound fraction con- 
sists of more than two single ones ; having first reduced 
two of them as above, then the resulting fraction and a 
third will be the same as a compound fraction of two parts ; 
•nd ,0 oa to the last of all. ,^,.^^, .^Google 
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Reduce the following eompound fractions to simple ones, 
viz. 

fpffofi: Kns. ^=^. 

|^ofl2|. Ans. i|=6iV 

f of i of t of 7. Ans. ^=2. 

CASE VI, 

To reduce fractions having' different denominatorsy to 
equivalent fractions having a common denominator* 

RULE I. 

Multiply each numerator into all the denominators ex- 
cept its own, for a new numerator ; and all the denomin- 
ators continually together, for a common denominator: 
this written under the several new numerators wiH give 
the fractions required.* 

Note 1.— When any of the giv^n quantities are compauad 
fractions, or whole or mixed numbers ; first reduce them 
to the form of simple fractions, and then proceed accord- 
ing to the Rule. 

EXAMPLES, 

1. Reduce f, f, and f, to equivalent fractions having a 
common denominator. 

1x5x7=^35 the new numeratoi^ for i. 
3x2x7=42 ditto for f . 

4x2x5=40 ditto for f. 

2x5x7=70 the common denominator. 
Therefore, the equivalent fractions are^f?, f of and f J, 
^Ans. 

2. Reduce i, f , and tt to a common denominator. 

Ana -AJ^- 3 84 f.„A aSQ 

3. Reduce f , f , -1^ and i\ to a common denominator. 

Ati« ^ ' e» JgO-ft -itflL -2ita_ 
Alls. 280 09 880 0> 880 0* 890 0» 

4. Reduce -J- of 2, and ^ of 5}, to simple fractions having 
a common denominator. Ans. f and ^. 

* This it roultiplyiog the numerator and the deoomiiiator of each frac- 
tion by the same number, (viz. by the product of the denominators of 
all the other fractions,) and hence the values of the fractions are not 
altered. 

In the second rale, the common denominator is a multiple of all the 
given denominators, and consequently will divide by any of them : 
Therefore, proper parts may be taken for all the numerators, as required. 
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238 REDUCTION (SF VULOAR FRACTIONS. 

Note 2.-Some times two fractions may be readily reduced 
to a common denominator, by eitber multiplying or di- 
viding bo til terms of one of tbe fractions by some number 
which will make the denominator the same as that of the 
other fraction ; as in the following examples. 

5. Reduce i and f to a common denominator. 

Here, multiplying both terms of ^ by 4, gives f ; and f 
and f are the fractions required. 

6. Reduce f and -ft- to a common denominator. 

Here, 2)A=t; and f and f the Ans. 

RULE II. 

To reduce any given fractions to others of equal valuCy 
which shall have the least common denominator possible, 

1. Find (by Prob. II. page 232) the least common mul- 
tiple of all the denominators of the given fractions, and it 
will be the least common denominator required. 

2. Divide the least common denominator by the denom- 
inator of each fraction, and multiply the quotient by the 
numerator, for a new numerator. Then, under each of 
the new numerators write the common denominator, and 
you will have the fractions required. 

GXAMPLISS. 

1. Reduce -f, -^ and ^ to equivalent fractions having 
the least common denominator possible. 

7) 7, 14, 21 . 7x1x2x3=42, least common 

. 1 2, 3 ' denominator. 

(42-^- 7)x 1= 6 the new numerator for |. 

(42^14)x 5=15 ditto for -ft-. 

(42h-21)x11=22 ditto for ^. 

Ans. -A', Jf and ff. 

2. Reduce i, J, and f , to equivalent fractions having 
the least common denominator possible. 

3. Reduce ^; f , f , and i lo their least common denom- 
maior. ahs. 24, 24, 34, 2 4* 

CASE VII. 

To reduce a fraction from one denomination to another^ 
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' First, reduce the given fraction to such a compound one 
as will express the value of the given fraction, by compar- 
ing it with all the denominations between it and that de- 
nomination you would reduce it to ; then reduce' this com- 
pound fraction to a single one, by Case V., and it will be 
the answer. , 

EXAMPLES. , 

1. Reduce f of a penny to the fraction of a pound. 
^ of a penny is=f^ of -fV of ^V of a pound,=TA»r=Too of 
n pound, Ans* 

* Or, since 340 pence make 1 pound, f of a penny^ of 
54^"o=TvVo — 3 oT of a pound, the answer, as before. 

^, Reduce t+tt of a pound to the fraction of a penny. 
-^ of a pound is=vJ-o of \^ of V=f 12=^5 of a penny, Ans. 
Or, ai-o- of a L. = 3lo of ^\^=H-S=4d. Ans.^ 

3. Reduce f of a pwt. to the fraction of alb. Troy. 

f of a pwt=f of rV of -|\ of a.lb.=T6^-^=Tiir Ans. 
Note, — The answers to the following questions are in 
their lowest terms. 

4. Reduce ^ir^ of a. lb. Avoirdupois, to the fraction of a 
dram. Ans, ff. 

5. Reduce ^ of a rod to the fraction of a mile. 

Ans. 6-fo' 

6. Reduce aV of a foot to the fraction of an inch. 

Ans. f, 

7. What part of a square rod is^riir of an acre? Ans. f. 

8. Reduce i of a gill to the fraction of a gallon. 

Ans. eV* 

9. What part of a bushel is i of a quart? Ans. rfr* 

10. Reduce f of an English crown, at 5 shillings ster- 
ling, to the fraction of a guinea, at 21 shillings. 

f of a crown=> of ^ of 2V of a guinea= f%M-a^f , Ans- 

CASE viir. 

To find the vcUue of a fraction in parts of the integer; as 
of money, weight, ^c. 

* l( is evident from the first and srcond csamples, that this rule is, in 
effect, ()io sainfi as the rules for reducing whole oumbers from one de- 
DOfuinatioQ to aoother. 
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RtJtE. * 

I. If the integer be a simple quantity; multiply the 
numerator of the given fraction, by the parts in the next 
inferior denomination, and divide the product by the de^ 
nominator: If anything remains, multiply it by the partd 
of the next inferior denomination, and divide again by the 
denominator; and so on, as far as may *be necessary : Then, 
the several quotients, placed in order, will be the value of 
the fraction required. * , 

% When the integer is a compound Quantity ; multiply 
it by the numerator of the given fraction, and divide the 
product by the denominator, by Compound Multijiilicatiou 
and Division, and the quotient will be the answer. 

Note. — This and the following Cas& are the same with 
Problems II. and III. in the "Introduction to Vulgar Frac- 
tions.'* 



EXAMPLES. 

1. Whatis theiof2Z. 6s.? L. 



^ .. 6 the integer* 
4 



5)9.. 4 



Ans. 1.. 16..9d. 2|<i. 
Mere the integer is a compound quantity, and I multi- 
ply it by the numerator of the fraction, and divide the pro- 
duct by the denominator, as directed in the 2d article of 
the Rule. 

2. What is the value of iV of a dollar ? 

Ans. 43c. 7im. 

3. How much is -|^ of a dollar, in the currency of Penn- 
sylvania, $1 being equal to 7s. 6d.? Ans. 1 H pence. 

4. How much is iVr of a lb. Avoirdupois? 

Ans. 7oz., lOdr. 

5. How much is i of a mile ? Ans. Ifur. 24rd. 

*Tbe numerfttor of a fraction being considered as a remainder ia 
division, and the denominator as the divisor, this rule is of the same 
nature as Compound Division, or the valuation of rcmaioders in the 
Rule of Tbree^ before eiplaioed . 
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%. How much is 4- of f of a |an6n of winet 

i- of i=|, andf of a gallon=slqt. Ipl. knu% 
"7. How much ii f of i^ of 7 bushels, 4 quarts? ' 

Ans. 2bush. Ipk. 4qt 

tknu IX, 

^ reduce anjf given quantity to the frdbtion tiff A greeMf 
denomination of the same kind^ 

BULEi 

Redtfce the given qttantitjr to the kywe^ t^rtii tnetttidttiKl» 
for a numerator; then redtkce the integral part to the iamd 
term, for a denominator ; which will be the fraction ro< 
quired.* , 

iBXAJIIPLEi; 

1. Reduce 2 feiet^ 4 In. 2ib. c. to the fraction of i ^rarcli 

Operation, 
ft. in. b.Ck 1 yardi 

2. .4. .3}^ 3 

12 

— 3fti 
28irt. 12 

3 — 

— 36 iA. 
B6b.c* 3 

4 — 

■■ — 108b*c» 

345 fourths of a b.c.Nu-' 4 

merator. = 

432 fourths of a b.c» Dcfiom* 

Ans. Uh^h ^ inator. 

Here I first reduce the given quantity to the lowest teriii 

in it, which is fourths of a barley corn, for a numerator \ 

and then I reduce the integer, viz. 1 ytirdj to fourths of a 

barley corn, for a denominator. 

2. Reduce IZ. iGs. 9d* 2fq. to thfe fr&ctiott of 2/. Os. 

Ans. 1*1^4% 9^h 
To solve the last question ; teducfe IZ. lOs. Od. 2fq* iO 

* tbis Case in the reverse of Cai^ Vlll., end the btoof is etideat ft^lt 
tlMiL 
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fifths of a farthing, for a numerator; and reduce 22. 6s. to 
fifths of a farthing, for a denominator. 

The answers to the following questions are in their 
lowest terms. 

3. Reduce 43 cents 7^ mills to the fraction of a dollar. 

Ans. $iV' 

4. ReduOQ 4oz* 94<ir. to the fraction of a pound Avoir- 
dupois. Ans. fib. 

5. Wli^t part of a mile is 1 furlong, 24 rods ? Ans. i. 

6. A man divided a farm, containing 481 acres of land, 
\ between his two sons: He gave 288 acres, 2 roods, 16sq. 

rods, to his eldest son, and the rest to the youngest son. 
What part of the farm did he give to each ? 

Ans. f of the farm to the elder son, and i to the young* 
er. 

-^^»©~ 
ADDITION OF VULGAR FRACTIONS. 

RULE. 

Reduce compound fractions to single ones ; whole and 
mixed numbers to improper fractions ; fractions of differ- 
ent integers to those of the same denomination ; and all of 
them to a common denominator : Then, the sum of the 
numerators written over the common denominator, will 
give the sum of the fractions, required.* 

Note 1 . — It will generally be the best way to reduce the 
fractions tO their least common denominator, by the 2d 
Rule for the 6th Case in Reduction of Vulgar Fractions. 

EXAMPLES. 

1. Add f and f together. ^ 

* Fractions, before they are reduced to a common denomioator, are 
entirely dissiroiUr, and therefore cannot be incorporated with one an- 
other ; but whea they are reduced to a common deoominatar, and made 
parts of the same thing, their sum, or differesce, may then be as properly 
expressed by the sum or difference of llie numerators, as the sum or di& 
ferencc of any two quantities whatever, by the sum or difference of their 
individuals ; whence the reason of the rules for the Addition and Sub- 
traction of fractions; is manifest. 
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f and 4, being reduced to a common denominator, are. 
a and f|. Then, 14+20=34, the sum of the numerators, 
which being written over the common denominator, gives 
ff for the answer. 

2. Add A, f of ^, 5i, and 6 together. 

i of f=,V; 51^^; and 6=t. Then, i, A", V, 1, re- 
duced to their least common denominator, become if, sV, 
^f-f V^^ the sum of which is ^=12^, Ans. 

3. What is the sum of i and ft Ans. f . 

4. What is the sum of i, f and f ? Ans. Iff. 

5. What is the sum of f , 4 J, and i of -fV ? Ans* 6if . 

Nate % — In adding mixed numbers that are not com- 
pounded with other fractions, you may first find the sum 
of the fractions, to which add the integers of the given 
mixed numbers. 

\'t What is the sum of 5^, 8f , and 14 T 
Here, i4^^A+A=H=IA. 

Then, l-iV-(-5+8+14«28fo Ans. 

7. Add t and 8^- together. Ans. 9 1^. 

8. Find the sum of 4f, 18^-, i off, and 5. Ans. 2^f. 
Note 3. — ^To add fractions of money, or weight, &c., 

reduce fractions of different integers to those of the same. 
Or, you may find the value of each fraction, by Case 
VIII. in Reduction, and then add them in their proper 
terms. 

9. Add f of a foot to i- of a yard. 

Ist Method. 2d Method, 

t of a foot=f of i=i\ yd. 



T^hen -iV+^=t?yd,==2ft. 3in. 
Ifb. c. Ans. 



ft. in. b. c. 
}yd.=1..6..0 
ift.= 9.. If 



Ans. 2.. 3.. If 



10. Add f of a lb. Avoirdupois, to i of an oz. * 

Ans. 4oz. IHdr. 

11. Add f of a mile to -ft^ of a furlong. 

Ans. 6 fur. 28 rods. ^ 
\% Add together, f of a week, i of a day, and i of an 
hour. Ans. 2da. 2h. 30min. 
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SVBTRACTIQN OF VUI4QAR FRACTIONS, 

RVLB. 

Prepare the fraption* a» in Addition; then the difference 
of the numerators written above the common denqmin^tor* 
yffill pre the diff^r^nce of the fractions sought. 

EXAMPLES. 

h From i take i, ~_o 

Here jk-i^J— J=--r-=i An»^ 

a, Pro^nitaket ofi* 

• f of i5=/a=^; an(li--x*5'^A-^lfV'^~^ 
9« From i take f. Ans. if^ 

4, From i^ take f of -f-. Ans. 4* 

5, From f of 7 take i off. Anss 2U, 
e* From 14i subtract 2i. Ans. ir > 
iV(?fe 1. — One mixed number may be subtracted from 

I^QQther, in the following manner : Subtract the fractional 
part of th^ subtrahend from that of the minuend, and an-i^ 
ties the remainder to the difference of the integers. When 
the lower fraction is greater than the upper one ; add to 
the upper fraction a unit, (or its equivalent improper frac- 
tion,) from the sum subtract the lower fraction,, and set 
down the remaiader : then add 1 to the lower whole nxan- 
her, and s\ibtract as usual. 

Also, a fraction may be subtracted from a whole num-> 
her, by taking the numerator of the fraction from its de-t 
nominator, and placing the remainder over the denomina^ 
\Stx% PAi then taking 1 from the whole number. 

(7) (8) (») 



From 1[^ 
Ans. 31 



From 8J- 
take 5f 



From 5 
take ^ 

Ans. 4t 



Ans. 2J 

In example Sth, I first reduce the fractions to a common 
flcnominator, and then they ar^ i and f . Then, because 
the lower fraction is greater than the upper one, I add' a 
^nit, er f , to the upper fraction, and the sum is f, f^om 
Mrll^^h I lubtra^t the l9wer fraction* and set doMrn the re^ 
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MULTIPLICATION OF VULGAR FRACTIONS* 245 

mainder. I then add 1 to the lower whole number, and 
subtract as usual. 

Note 2. — ^When the fractions are of different denomina- 
tions, you may, if you please, find the values of them,(by Case 
YIII. in Reduction,) and then find the difference of those 
values, as in Compound Subtraction. 

10. From f of an oz. Troy, take f of a pwt. 

Ans. 11 pwt. 3gr. 

11. From i of a lb. Avoirdupois, take i of an 02. 

Ans. 12oz. lOfdr. 

12. From f of a bushel, take i^ of f of a quart. 

Ans. 2pk. 4i|qt. 



MULTIPLICATION OF VULGAR FRACTIONS. 

BULE. 

Reduce whole and mixed numbers, (if any,) to improper 
fractions; then multiply all the numerators together for a 
numerator, and all the denominators together for a denom^ 
inator, which will give the product required.* 

BXAMFLBS. 

1. Required the product of f and f . 

Here, fxf=?^=l|=-.\, the Ans. 
5x8 40 

2. What is the continued product of J^ of 6, i of f , and 

J of 5=f af f , and 3 J=f . 

Then, ]>^^>^^>^=^=i Ans. 
2x1x5x7x2 140 

Contracted thus: ^X,6^X,rx.2^X7^^x Ans. 
2X.1'X,5'X7'X,2' 

3. Multiply -^ hy ^. Ans. tV- 

4. Required the product of f , f , and H* Ans. -^. 

* Maltiplication of any tbing bv a fraction, implies (he taking some 
part or parts of the thing ; it may therefore be tnily eipreasedby a coqi% 
pound fraction ; which is resolved by multiplying together tbe munerar 
<orsaiid tbedenoiniDalors. d, zed by Google 



846 pivisioN or vulgar fractions, 

8. VTh&t u th« product of i of f, and i of A? 

6. What it the continued product of h f of h Bf , and 4f 

Ans. lOj^. 
Ao^.~A single fraction is best multiplied by an integer^ 
hj dividing the denominator by the integer; but if it will 
not exactly divide, then multiply the numerator by the in-* 
teger. 

7. Required the product of f and 4. 

Here, _. =f =2i, the Am. 
8-^-4 

8. Required the product off and 5. 

Here, 5^==Y==1^, the Ans. 
7 

9. Multiply f by 5, Ans. 2. 



DIVISION OF VULGAR FRACTIONS, 

RULE.* 

Prepare the fractions as in Multiplication : then divide 
the numerator of the dividend by that of the divisor, and 
the denominator of the dividend by that of the divisor, if 
they will exactly divide ; but if not, then invert the term« 
of the divisor, and multiply the dividend by it, as in Mul^ 
tipUcation, 

EXAMPLES. 

1. Divide ff by f. 

Here, (by the first method,') H^h=i Ans. 
8. Divide i by i off. ^ 

Performei by the second method^ aa follows : 

Here f xtxt=W=Of Ans. 

CkmtracMthus: ?^S?^=5!=9f Ans, 

3. Divide if by t, Ans. f 

^ , — ■■ -' ^ ■ I 

If evidtit**'* **""* ^ "^•'** **' Multipliuatioil, lb* rtaio^ of ths Rain 
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6IHFLE PAOFORTION IN VVhQAR VfiACTIONS. 347 

4. Divide * by A-. . Ans. H=^h 

5. Divide 5i by Ih Ans. |i* 

6. Divide i of 15 by i of f of 5J^. . Abs. «|f , 
Note* — A single fraction is best divided by an integer^ 

by dividing the nlimerator by it ; but if it will not exactly 
divide,, then multiply the denominator by it. 

7. Divide i by 2. Here li?=4 Anft. 

8. Divide f by 6. Here ^^^ — 4V Ans* 

8x6 



SIMPLE PROPORTION, OR 

THK SINGLE RULB^OF THREE, IN VULGAR TRACTIONS. 
RULE. 

1. iState the question as in the Single Rule of Three in 
whole numbers. 

2. Prepare the fractions as in Multiplication of Vulgar 
Fractions, and reduce the first and second terms of the 
proportion to the same name, or denomination, when they 
are of different denominations. 

3. Invert the first term of the proportion, as in Divis- 
ion of Vulgar Fractions ; then multiply the three terma 
continually together, and the product will be the answer 
in the same name with the third term of the proportion.* 

EXAMPLES. 

I. If 2i-pwt. of standard silver be worth i of i of a dollar^ 
what is the value of i of an ounce? 

pwt. oc. 9 
Stated thus : as 2i: ^ i:-^ ofi : the Ans. 
By preparing the fractions, as directed in the 2d article 
of the Rule, the question stands thus : as ^pwt. : V^pwt^ 
•> AX ■ fiiA Ans 

Then, AxYxi=$+ifx=16c. 4Hm. Ans. 

* This is only moltiplying the 2d aod 8d terms together, and dividing, 
the product by the firsti as in the Single itale of Three in whole numbers. 
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2. If i of a yard of cloth cost -/„- of a L; what cost 14^^ 
yards? Ans. 20?. 6s. 

3. If t o2. be worth \il. what is the vahie of loz ? * 

Ans. 1^ 5s. 8d. 

4. If half a gill of rum cost tot of a dollar, what cost 
3U gallons? Ans, $60.48 v 

6. A person having f of a vessel, sells i of his share for 
$280: what is the whole vessel worth, at that rate ? 

Ans. $2800. 

6* How many yards of shalloon that is f of a yard wide, 
will line 4^ yards of cloth which is 1 a"yd. wide ? 

As ^yd. width : liyd. width :: 4iyd. length : 9 yards 
length, Ans. 



COMPOUND PROPORTION,. 

IN VULGAR FRACTIONS. 
RULE. 

1. State the question as in Compound "Proportion in 
whole numbers. 

2. Prepare the fractions as in Multiplication of Vulgar 
Fractions, and reduce the corresponding quantities in the 
firsf and second places to the same denomination, when 
they are of different denominations. 

3. Invert the fractions which wijl compose the divisor ; 
then multiply ail the fractions together, and the product 
will be the answer in the same name with the third term of 
the proportion. 

EXAMPLES. 

1. If 9 persons use lilb. of tea per month, how much 
will a family of 8 persons use in f of a year, at that rate ? 

stated thus : ''^^^^J _J ; II :: li : the Ans. 

By preparing the fractions, as directed in the Rule, the 
question stands thus : j? .a'i ^^' 

As / ;A \ :: f : the Ans/ 



Then, ixVxfXfx|=j^^9J^^,|nB. 



OUOQECiMALS^ .249 

3;- ^ 
^ Contracledthns: J X.12Xg x3x.9'^g||^ j^^^ 
. 9'XX xlX,4'X,8' 

2. If 2 meft, in i pf a year, expend $5tf}, hovr much 
money will defray the expences of 6 persons for 6i months, 
at the same rate ? Ans.''$300. 

3. If a man earn $4i\- in 8f days, how muck would 20 
men earn in 100 days, at that rate ? 

^ns. 964D. 70c. 5|^m. 

4. If $100 dollars principal gain $5J interest in 12moiithB^ 
how much will $40J^ gain in 2i months ? 

Ans. 43c. 3im. 

5. If 2f yards of cloth, i of a yard wide, cost $2f , what 
is the ralue of 2>i yards, f pf a yard wide, of the same 
quality? Ans. •2.40 



. DUODECIMALS,* 

Are fractions so called because they decrease by twelves; 
{nches being twelfths of a foot, which is the integer; se- 
conds twelfths of an inch ; thirds twelfths of a second, and 
so on ; as in the fallowing table. 

J Foot (ft.) =i 12 Inches, marked in., ox ' 
1 Inch =12 Seconds, " 

1 Second ^ 12 Thirds, 

1 Third = 12 Fourths, 

&c. 
• Duodecimals t^re chiefly useful to ascertain the superfi-* 
dal or solid contents of such things as are measured by feet, 
inches, &.c. 

Addition and Subtraction of Duodecimals are performed 
as in Compound Addition and Subtraction. 

" I H ■!■■■■ IP .,1 II I I I . I ■! I I . . I ■ I . 111.1 I , M 

* this word is derived from (be l^9^\\n word iuodic\m» which aignifiei 
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MULTIPLICATION OF DUOHECIMALS. ^ 

RULE.* 

1. Pkice the multiplier under the multiplicand, in such a 
manner that the feet of the multiplier shall stand under the 
lowest denomination of the multiplicand, 

2. Multiply the multiplicand by each term or denomina- 
tion of the multiplier, separately, as in Compound Multi- 
plication, (always carrying one for every twelve, from each 
denomination to the next higher,) and place the right hand 
term of each product under that denomination of the multi- 
plicand by which it i« produced. 

3. Add together the several partial products, as in Com- 
pound Addition, and their sum will be the total product re- 
quired* 

Note 1. — ^If there are no feet in the multiplier, supply 
their place with a cipher ; and if any other denomination 
between the highest and lowest, either in the multiplier or 
multiplicand, be wanting, write a cipher in its place. 

Note 2. — The marks which designate the denominations 
of duodecimals, are called indices ; the index of feet being 
; that of inches 1, that is, one mark ; that of the seconds 
2 marks, ^c. When any two of the denominations are 
multiplied together, the index, of their product is equal to 
the sum of the indices of the two factors. Thus, if feet be 
multiplied by feet, the product will be feet ; for the sum of 
the indices isO-{'0=:0 : Ifinches be multiplied by seconds, the 
product will be thirds ; for l-f-2==3 ; &>c. In multiplication 
of duodecimals, the terms of the product are of the same 
denominations as those terms of the multiplicand which 
stand over them. 

EXAMPLES. 

1. Multiply 8 feet, 6 inches, 9 seconds, by feet, 5 inch- 
es, 7 seconds. 

- ■■ '" " ■ — - K, — ••■ ' - ■' " ■■■■ 

* The reason of this rule will be obvious by considering 
the denominations below the integer as fractional parts of 
the integer, and then multiplying as in Vulgar Fractions. 
Thus, feet multiplied by inches give inches ; for 2 feet 
multiplied by 4 inches=2ft.xAft.=i%ft.=8 inches : Inches 
multiplied by inches give seconds; for 2in#x5ii?\=fi^ ft. X 
-i\ft.=f4^,-ft.^fjin.=10 seconds; &c. °9t-,.,e.ongT. 



Ft. ' 


// 




8..6.. 


9 






6. 


5..7 


4.. 


11. 


.11 ..3 


3..6.. 


9. 


. 9 


51 .,4. 


6 





ItUfcTlFLICATION OF DUOPEClMALtr ^i 

Operation. 

Here, I first plac^ the multiplier so 
thkt 6, the feet, stand under9, the se- 
conds (or lowest denomination) of 
the multiplicand. I then begin with 
7 and 9, thp lowest denominations of 
the multiplier and multiplicand, and 
say 7x9 is 63 ; which being 5 times 
12, and 3 over, I set down 3, and car- 
55 .. 4 .. 3 .. 8 .. 3 ry 5 to the next denomination. Then, 
7x6 is 42, and 5 which I carried 
makes 47 — I set down 11 and carry 3. Then, 7)^8 is 56, 
and 3 which I carried makes 59 — I set down 1 1 and carry 
4 ; and as there is no other term to multiply, I set down 
the 4 in the next place to the left. In like manner I mul- 
tiply the multiplicand by the inches, and then by the feet of 
the multiplier, and set down the right hand term of each 
product under the term I multiply by. Lastly, I add to- 
gether the partial products thus found, and the answer is 
55ft. 4in. 3 ' .. 8 ' .. 3"". 

2. Multiply 14 feet and 2 se- 
conds, by 5 inches, 6 seconds. 



Ft. in. " 
14.. 0..2 
0.. 


6..6 


7..0. 
5..10..0. 


1..0 
10 



. Here there are no feet in the . 
' multiplier, and I supply their 
place with a cipher : I also put 
a cipher in the place of inches 
in the multiplicand. Ans. 6 .; 5 .* (V.. 11 .. 

F*! ' " T^t ' " F*! ' " '" 

-3. Multiply 7*.. 2. .8 by 6. .2. .6. Ans. 37.. 7. .4. .8 

4. 12..4..0by 2..7..0. — 31..10..4..0 

5. 14..6..0by 5..8. — 6..10..2..0 

6. 28..2..0 by 24.^6..0. —690.. 1..0..0 

PRACTICAL QUESTIONS. 

Note. — To find the area, or superficial content, of any" 
parallelogrdmy* such as a board of equal width from end 
to end, or the floor of a square room, ^.c; multiply^ the 
length by the breadth, and the product will be the answer. 

To find the solid content of any parallelopiped ;* such 

* See ibe defiBiUoos of these terms in the ** Mensuration of Saperficei 
and Solids." 
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as a stick of timber hewn square, of equal bigness trotA 
end to end, or a load of wood, doc; multiply continually 
together the length, breadth, and height, and the last pro-* 
dHct will be the answer. ' 

1. What is the superficial content of a board which is 17 
feet 7 inches long, and 1 foot 5 inches wide ? 

An».* 24sq. ft. 10'.* 11". 

2. How many square yards does the floor of a room 
contain, which is 24 feet 8 inches long, and 17 feet 6 inches 
wide? Ans. 47sq.yd. 8ft. 8'. 

3. If a stick of hewn timber be 12ft. lOin. long, 1ft. 7in. 
wide, ^nd 1ft. 9in. thicks how many solid or cubic feet does 
it contain ? Ans.f 35cub. ft. 6' .. 8" .. 6'". 

4. How many cubic feet of wood in a load which is 8ft. 
6in. long, 2ft. Sin. wide, and 3ft. 9in. high? 

Ans. 71cub.ft. 8\.7"..6"' 



INVOLUTION, 

ts the raiding of powers from any given ntinaber, as a 
root 

The product arising from: the multiplication of any givcft 
number by itself, is called the second power or square of 
the number \ if the second power be multiplied by the said 
given number, the product is the third power, ot cube ; if 
the third power be multiplied by the given number, the pro- 
duct is the fourth power ^ or biquadrate, dtd.; the given 
number itself being called the first power oir root 

Thus, 5 is the toot, or 1st power of 5* 

5x5=25 is the 2d power, or square of 6. 
5x5x5:5=125 is the 3d power, or cube of'5, &c« 

In this manner is calculated the following table of the 
first eight powers of the nine* digits. 

*■■■ ' "' m i rri i. ■ i i.l ni i , ■ » . < nr . -t .. a i i ■, . ■■ nrtu -r i „ , i , . 1 -f , 1 , , 1 1 , 11 

* Tlie iBcfaM in tbis answer are l^hs of a square foot, and Ibe seconds 
are 144th8 of a square foot, or square incbes. 

f In this answer, (be inches are 12th9> the seconds 144thS| and the 
thirds 1728tb8 of a cubic foot* 
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TABLE OF 


POWERS. 






o 
o 




1- 




5th 


Oi 

? 


3- 


i 


r^ 


9 


? 


o 


^ 
^ 


o 


1 


o 


1 


1 


1 


1 


1 


1 


1 


1 


2 


4 


8 


16 


32 


64 


128 


256 


3 


9 


27 


81 


243 


729 


2187 


6561 


4 


16 


64 


256 


1024 


4096 


16384 


65536 


5 


25 


125 


625 


3125 


15625 


78125 


390625 


6 


36 


216 


1296 


7776 


46656 


279936 


1679616 


7 


49 


343 


2401 


16807 


117649 


823543 


'5764801 


8 


64 


512 


4096 


32768 


262144 


2097152 


16777216 


9 


81 


729 


6561 


59049 


531441 


4762969 


43046721 



The index or exponent of any power, is the number de- 
noting the height or degree of that power; and it is 1 more 
than the number of multiplications used in producing the 
same. So, 1 is the index or exponent of the first power 
or root, 2 of the 2d power or square, 3 of the 3d power or , 
cube, &/C. 

Powers, which are to be raised, are usually denoted by 
writing thfe index, in small figures, at the upper and right 
side of the given number: Thus, 5* denotes the 2d power 
of 5, and 12^ denotes the 3d power of 12, &c. 

If two or more powers be multiplied togetheti their pro- 
duct is that power whose index is equal to thd sum of thtf 
indices of the factors, or powers multiplied together: Or,^ 
the multiplication of powers answers to the addition of 
th<>ir indices. Thus, the 'product of the 2d and 3d powers 
of any number, is the 5th power of that number ; and, if 
the 2d power be multiplied by itself, the" product is th^ 
4th power, &c. 

PROBLEM* 

To involve or raise a given number to any proposed powers 

RULE. , ~ ■ ^ 

Multiply the given number, or first power, tontinu^Iljr 
by itself, till the number of multiplications is 1 less ihaii 
' V 
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the index of the. power to be found, and the last product 
will be the power required. 

jVofe 1. — When the given number is to be involved to a 
high power, it will not be ftcccssary to find all the lower 
powers, in order to obtain the one required: For, if a few 
of the lower or leading powers be found, as directed in the 
foregoing Rule, we may then find the answer by multiply- 
ing together some of these, viz. those powers whose in- 
dices, when added together, will be equal to the index of 
the power required. 

Note 2. — It is evident, from the foregoing Rule, that when 
the given quantity, or first power, is greater than 1, its 
value will be increased by involution ; but when it is less 
than 1, its value will be diminished; and when it is equal 
to 1, it will be neither increased nor diminished. 

EXAMPLES. 

1. Required the 5th power of 8. 

, Here, 8x8x8x8x8=^32768, the Ans. 

Or, otherwise thus : 8x8=64, the 2d power of 8 ;. then, 
64x64=4096, the 4th power of 8, and 4096x8=32768, the 
5th power of 8^ as before. 

The same result may also be obtained by multiplying 
together the 2d and 3d powers of 8. ' 

2. What is the 2d power of 45 ? Ans. 2025. 

3. the 3d power of 12.5? Ans. 1953.125 

4. the 4th power of 71? Ans. 25411681. 

5. the 5th power of .25? Ans. .0009765625 

6. — '- the 6th power of .4? Ans. .004096 

Note 3. — Since vulgar fractions are multiplied together 

\)Y taking the products of their numerators and of their 
denominators, we may involve a vulgar fraction to any 
power assigned, by raising each of its terms to the power 
required : Or, we may reduce the vulgar fraction to a de- 
cimal, and then involve it according to the foregoing Rule. 
When a mixed number is to be involved, we may either 
reduce the whole to an improper fraction, or reduce the 
vulgar fraction to a decimal, and then proceed as before. 

7. What is the square off? Here — =Ji, Ans. 

5x5 

Or, i»:.8, and .8x.8=.64, the An*. 
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8. What is the 3d power or cube of f • Ans. ^f^. 

9. Required the third power of 2J. 

Here 2:}=^, and f XlXf =^^=15|, Ans. 
Or, 2}=2.5, and 2.5x2.5x2.5=15.625, Ans. 

10. What is the 4th power of i? Ans. ^is* or .0016 



EVOLUTION, 

Is the reverse of Involution ; being the method of ex- 
tracting or finding the roots of any given powers or num- 
bers. 

The root of any given power, or number, is such a num- 
ber as being multiplied into itself a certain number of times 
will produce that power. The first root of any given 
number, is the number itself; the second or square root, is 
that number v/hose second power or square equals the 
given number ; the third or cube root, is that whose third 
power or cube equals the given number, &c. Thus, the 
square root of 4 is 2, because 2x2, or the square of 2, is 4 ; 
and the cube root of 27 is 3, because 3x3x3=27. 

Any power of a given number may be found exactly ; 
but there are many numbers of which a proposed root can- 
not be exactly found ; yet, by means of decimals, we may 
approximate, or approach towards the root, to any assign- 
ed degree of exactness. 

Those roots which only approximate, are called irra- 
tional or surd roots ; and those which can be found quite 
exact, are called rational roots. A number is, called a 
complete power of any kind, when its root of the same 
kind is rational ; and an imperfect power, when the root is 
irrational. Thus, 4 is a complete square, its square root 
being 2 ; and 27 is a complete cube, its cube robt being 3: 
but 27 is not a complete square, because its square root is a 
surd, or an irrational number, which cannot be found ex- 
actly* 

When the root of any given power or number consists 
of, or can be expressed by, a single di'git, it may be found 
by trials, or by a table of powers. Roots which consist 
of two or more figures may be extracted by the rules for 
th« following problems. ^a^^^^ by CjOOgle 



EVOLUTION. 



PROBLEM I. 



Tq extract the Second, or Squart Root, of any given 
number, 

RULE* 

1. Distinguish the given number into periods of two 
figures each, by setting a point or dot over the unit figure, 
jind one over every second figure from the unit's place, to 
the left in whole numbers, and to the right in decimals. 

2. Find, by trial, the greatest complete square number 
that can be had in the first or left hand peri^od, and the root 
of this square will be the first figure of the required root ; 
which figure place at the right hand of the given number, 
after the manner of a quotient in Division. Subtract the 
square, t}ius found, from the left hand period, and to the 
remainder bring down and annex the next period of figures, 
for a dividual. 

3. Double the figure of the root already found, for a 
defective divisor, 

4. Find how many times the defective divisor may be 

*Tbe principle on which the first article of fbis rule depends, is, Oiat 
the product of any two numbers can havcj at most, but so many places of 
figures as are in both t lie factors, and at least but one less ;^ vvhicU may be 
thus demonstrated: — Take two numbers consisting of lany number of 
places; but let Ibem be the least possible of Ibose places, viz. unity wi(b 
ciphers, as 100 and 10; then their product will be 1 with so many ci 
phers annexed as are in both thp factors, and it will evidently consist of 
as many places lacking one as there are in both the factors ; Thus, 
100X10=1000. which product has one place less tiian 100 and 10 fo- 
gelber. Again, take two numbers, consisting of any number of places, 
which shall be the greaiesi possible of those places, as 99 and 9 Now, 
^ X 9 is less than 99 X 10 ; but 99 X 10, or 990, contains only so many 
places of figures as are in 99 and 9 ; whence it is evident that the product 
of any two numbers cannot have more places of figures (ha^ are in both 
the factors. — It evidently follows from this demonstration, that a square 
number cannot have more places of figures than double the places of (he 
root, and at least but one less; and that a cube number cannot have 
more places than ' triple the places of the root, and at least but two less; 
and so on for higher powers. Consequently the square root of any 
number will consist of as many figures as there are- periods of two figures 
in the given number; and the cube root of any number, of as many 
figures as there are periods of three figures in the number, or cube. &c ; 
and hence the reason of pointing nutnbers into periods of two figures 
each for the square root, and periods of three figures for the cube root, 
fie., as directed in the rulea for extracting roots, is evident. 

The principle on which tbs remaining part of th|t,|"e>l^|j^(f9f extracting 
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had ill the dividual exclusive of its right hand figure ; place 
the result in the quotient, for the second figure of the root, 
and annex the same figure to the defective divisor, calling 
the divisor thus increased, the complete divisor. 

6. Multiply the complete divisor by the figure o.f the 
rot)t last found, for a subtrahend, which subtract from the 
dividual, (as in common Division,) and to the remainder 
annex the next period of figures, for a new dividual. 

6. Double the figures of the root already founds for a 
new defective divisor. Then find another figure of the 
root, as before ; and continue the operation in like manner 
' till you have brought down all the periods. 

Note 1. — If, when the integral figures of the given pow- 
er are distinguished into periods, the left hand period is 
deficient, (in the number of its figures,) it must neverthe- 
less be considered a period. But, if there are decimals in 
the given square, and the last or right hand period is defi- 
cient, a cipher must be annexed to complete the period ; 
and, in extracting the roots of higher powers, as many 
ciphers must be annexed as the power requires, to make 
up a full period. 

Note 2. — As the defective divisors are less than the true 

the square root depends is, thai the squart of the mm of any two nnmben 
is equal to the squares of the numbers mth twice their product. Thus, the 
number 45 is equal to 40-{>5 ; and (he square of 46 is equal to the squares 
of 40 and of 5, with twice the product of 40X5; thai is, equal to 
1600+2x(40x5)+25,= 1600-HlOO+25,=2025. Now, in 
extracting the square root of 2025| according to the above Rule, we sep- 
arate the number into these two parts, 2000 and 25. Thus, 2000 con- 
tains 1600, the square of 40, with the remainder 400 : the first part oi 
the root is, therefore, 40, (or 4 tenai) and the remainder of the square is 
400-{-25, or 425. Now, according to the principle above mentioned* 
this remainder must be equal to twice the product of 40 and the part of 
the root still to be found, together with the square of the said part. Now, 
dividing 425 by 80, (i* e. by t wiee the part of the root found,) we find for 
quotients; then this part being added to 80, the sum is 804>5, which 
being multiplied by 5, the product, 4004-25, or 425, is equal to th^ re- 
mainder of the square, and is evidently equal to twice the product of 40 
and 5, together with the square of 5. So, by proceeding according to 
the Kule, we find the true root, and eibaust the given square. In the 
same manner the operation may be illustrated in every case in which (he 
rootconsistsof two figures ; audit is evident that the process may be 
«arried on farther in the same manner wherTthe root consists of more 
Ihan two figures, if the given number or square be separated into as man/ 
iparts as there are figures in the root. 
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or complete divisors, the quotient figures found by ihetOf 
(especially the second and third figures in the root,) will 
sometimes be too great. When any subtrahend exceeds 
the corresponding dividual, a less figure must be put in 
the quotient, and the defective divisor must be completed 
anew, &c. 

Note 3. — When it is necessary to bring down more than 
one period of figures at a time, in order to make the divid- 
ual contain the divisor, then a cipher must be put in the 
quotient, and a cipher annexed to the defective divisor, 
for every period of figures so brought down more than one. 

Note 4. — When all the periods are exhausted, if there 
be a remainder, the operation may be carried on as much 
farther as may be thought necessary, by annexing a period 
of ciphers to each remainder, and continuing the extraction 
as before ; — the ciphers, so annexed) being always consid- 
ered ?is places <Jf decimals. — The, root will contain just as 
many places of whole numbers as there are periods of inte- 
gral figures in the given power, and as many places of 
decimals as there are periods of decimals used in the oper^^ 
ation. 

Proof. — Square the root, when foimd, and add in the 
remainder, if any ; and the result will be equal to the given 
number, if the work be right. 

EXAMPLES. 

1. What is the 2d or square root of 73359.7225 ? 
Operation. 

73359.7225(270.85 Ans, # 

4 Explanation, — 1 . I first distinguish 

the given number into periods of two 

.47)333 figures each, by putting a point or dot 

329 over the unit figure, viz. over 9, and 

one over every second figure, both 

5408)45972 ways, from the unit's place ; and I have 

43264 fi^ve periods ; the first, or leftliand pe- 

riod, being 7, the second 33, the third 

54165)270825 * 59, the fourth .72, and the fifth 25. 

270826 2, I seek the greatest square num- 

ber in 7, the left hand period, which 
I fin4 to be 4; the square root of which, viz. 2, 1 place to 
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the right hand of the given number, for the first figure of 
the required root. I then subtract the said square from 
the left hand period, and the remainder is 3 ; to .which 1 an- 
nex the next period of figures, viz. 33, and I ha.v.e 333 for a 
dividual. 

3. I doubly 2, the figure of the root already found, and 
it makes 4, which I place at the left hand of the dividual, 
for a defective divisor. 

4. I seek how often 4, the defective divisor, is contained 
in 33, the dividual exclusive of its right hand figure, and 
the result or quotient figure is 8, which I set down, on 
trial, for the second figure of the root, and annex the same 
figure to the defective divisor, and it makes 48, for a comr 
plete divisor. I then multiply 48, the complete divisor, by 
8, the quotient figure just found, which gives 384, for a sub- 
trahend. As this subtrahend exceeds the dividual, the quo- 
tient figure, taken on trial, must be too great; and there- 
fore I try a less figure, viz. 7, and by making out a subtra- 
hend as before, I find that 7 is the right quotient figure. 
This subtrahend, viz. 329, I subtract from the dividual, 
and to the remainder I join the next period of figures, whiicH 
gives 459, for a new dividual. 

6. I double 27, the root already found, which gives 54, 
for a hew defective divisor. I then find that this divisot 
cannot be had in 45, the new dividual, exclusive of its 
right hand figure, and therefore I annex a cipher to the 
root, and another cipher to the defective divisor, and bring 
down the next period of figures to the dividtial. I next 
seek how often the defective divisor, thus augmented, viz. 
540, may be had in 4597, the dividual exclusive of its right 
hand figure, and the quotient figure is 8* I then complete 
the divisor, and make out a subtrahend, &.C., as before, and 
continue the operation until all the periods are exhausted. 

6v As the given power contains three periods of integers 
and two of decimals, there must be three integral and two 
decimal figures in the root; and therefore I point off two 
figures for decimals, and the answer is 270.85 

To prove the operation, I square the root so found ; that 
is, I multiply 270.85 by 270.85, and it gives 73359.7225 ; 
which being equal to the given number, I conclude the work 
is right. 
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Note 5. — Each defective divisor, except the first one, 
may be readily found by adding the last quotient figure to 
the last complete divisor ; (or, which is the same thing, 
bringing down the complete divisor, dt)ubliDg its right 
hand fignrfe^;') as in the following example. 

2. Hequired the square root of 47.6 

47.60(6.899+ Ans. 

36 Here, I annex a cipher to the giv^n 

number, to make up a full period of 

128)1160 decimals. In extracting the root, I 

8 1024 find the 2d and 3d defective divisors 

by adding, in each case, the last quo- 

1369)13600 tient figure to the last complete divi- 

9 12321 sor. After having brought down all 

the figures of the given number, there 

13789)127900 is a remainder, and I annex a period 

124101 of ciphers to it, and continue the op- 

■ ' oration till I have found two more fig- 

3799 urcs in the root; and more figures 

might be obtained in the same manner. 

Lastly, I point off* three decimal places in the root, because 

I have used three periods of decimals in the operation. — 

The work may be proved by multiplying the root by itself, 

and adding the last remainder to the product. 

Note 6. — In extracting the square roots of numbers, it 
will sometimes happen that the remainder will be equal to, 
or greater than the corresponding complete divisor, when 
the quotient figure is correct. Thus, in example 2d, the 
second remainder, viz. 136, exceeds the corresponding com- 
plete divisor, which is 128. But if the second figure of the 
root, viz. 8, should be increased by 1, the subtrahend would 
exceed the dividual; and therefore the second figure of the 
root cannot exceed 8. When the remainder exceeds the 
complete divisor, you may easily determine whether the 
quotient figure is right or not, by trying a greater figure ; 
for, always, when the quotient figure is toa great, the sub- 
trahend' will exceed the dividual. — The same thing will 
also sometimes happen in extracting the cube roots of num- 
bers by the the following rule, and the true quotient figure 
ma^ be determined by trial in a similar manner. 
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What is the square root of 
2025? . Ans. 45. 

88804? 298. 

10342656? 3216. 

23049601? -..:-. 4801. 



More Questions for exercise. 

What is the square root of 
2265.76? Ans. 47.6 

54.2? ^ 7.36+ 

.45369? .673+ 

.005184? .072 



CONTRACTION. 

When the root is to be extracted to many places of fig- 
ures, the work may be abbreviated as follows : Proceed in 
extracting the root according to the foregoingTule, till you 
find half of the required number of figures, or one figure 
more ; then, take double the root already found, for a divi- 
sor, and find the other figures of the root by common di-^ 
vision, or by the 2d Contraction in Division of Decimals.* 

Ex, 1. To find the square The root, 

root of 45 to eight places of 45)6.7082039+ 

figures. 3g^ 



In thj^ example, I find the 
four last figures of the root, 
(viz. the figures 2039,) by 
common division. 



2. Extract the square root 
of 12 to the 7th decimal iig- 
ure. Ans. 3.4641016+ 

3. Extract the square root 
of 146.037237 to nine places 
of figures. 

Ans. 12.0431406+^ 



127)9.00 

8 89 



13408)110000 
107264 



J 341 6) 27360 
26832 



52800 
40248 

125520 
120744 

4776 



* We may always find by this method of contraction, at least as many 
fignres of the root, lacking one, qs we previously find by the common ' 
method. ' '^ 
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f 
PROBLEM II. 

To extract the Third, or Cube Root, of any given nvmhcr, 

RULE. 

1. Distin<ruish the given number into periods of three 
figures each, by setting a point over the place of units, and 
t»lso over every third fi/rure from thence, to the left in 
whole numbers, and to the right in decimals, if any ; an- 
nexing ciphers to the decimals, if necessary, to make out 
the last period. 

2. Find, by trial, the greatest cube number contained in 
the left hand period, and set its root op the right hand of 
4 he given number, for the first figure of the required root. 
Subtract the cube, thus found, from the left hand period, 
and annex to the remainder the next period, for a dividual. 

3. Square the part of the root already found, and multi- 
ply this stjuare by 300, for a defective divisor. 

4. Seek how often the defective divisor may be had in 
the dividual, and place the result in the quotient for the 
second figure of the root. 

5. Complete the divisor in the following manner ; viz. 
Multiply the root already found, except the last or right 
hand ligurc, by3; to the product annex the last figure of 
the root; then multiply the result by the said last figure, 
and call the product the complement nnmher, ' Add this 
complement number to the defective divisor, and call the 
sum the complete divisor, 

6. Multiply the complete divisor hy the figure of the 
rooiJast found, for a subtrahend ; which subtract from the 
dividual, and to the remainder join the next period cff fig- 
ures, for a new dividual. 

7. A defective divisor of the 2d dividual, (or any subse- 
quent one,) may be very easily found thus : Below the 
complete divisor last used, write the square of the figure 
of the root last found ; tlien add together the said square, 
the complete divisor, and the corresponding complement 
number ; to the sum annex two ciphers, and the result will 
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be a new defective divisor.* Then find another* figure of 
the root as before, and so proceed.f 

IS^ote. — When it is necessary to bring down more than 
one period of li'gures at a time, in order to make the divid- 
ual contain the divisor ; then, for every period of figures so 

* t very defeclive divisor found id this manner, will be equai (o 3lH) 
times (he square of the part of the root found. 

t It is somewhat difficult to demonstrate this rule without 
the aid of Algebra. The following demonstration may be 
easily understood by those who are acquaintetl with the 
first principles of Algebra. 

Suppose the root of a cube to ccrnsist of two figures ; and 
let a represent the first figure with a cipher annexed, and 
ft, the second figure ; then a-f-h will represent the rooU 
and (a-\-h)^\,'ov a^+Sa^ft+Saft'^+S^, the cube. Now, the 
first term of this cube, viz. a^, is the cube of the first term 
of the root ; and if we divide the remaining terms of the 
cube, viz. 3(i^6+3a6^-f6^, by 3a^+3a6+^'^, the quotient 
is 6, the second term of the root. The first term of this 
divisor, viz. 3a^ , represents a defective divisor^ found ac- 
cording to the 3d article of the Rule ; (for, since a repre- 
sents the first figure of the root with a cipher annexed, ZaP' 
represents 300 times the square of the said first figure ;) 
and the two remaining terms of the said divisor, viz. 
3(i6+6*,=(3<x+6)x6, a complement number^ made out ac- 
cording to the Rule : and consequently the whole of the 
said divisor, viz. 3<i^+3a6+6*^, represents a complete, or 
true divisor, found according to the Rule. Hence the 
reason of the Rule, excepting the last article, is obvious. 

That the sum of each complete divisor, complement 
number, and the square of the last or corresponding quo- 
tient figure, is equal to the triple square of the part of the 
root ascertained, may be shown* thus : — 

The complete divisor =3a^-f3a6+ h^ 

The complement number = 3a6+ h^ 

Square of the last quot. figure= h^ 



Their sum is 3fit*-|-6a5+36^ ; which is 
equal to (a-\-h)^x2, or 3 times the square of the root ; and 
hence the method of making out the defective divisors, laid 
down in the 7tJi article of the Rule, is evidently correct. 
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brought down, more than one, annex a cipher to the t66ii 
and two ciphers to the defective divisor. 

The 1st, 2d, and 4th Notes, annexed to the rule for ex- 
tracting the square root, must also be attended to in ex- 
tracting the cube root. 

Proof. — Cube the root, when found, and add in the re-* 
mainder, if any, and the sum will be equal to the g^iven 
number, if the work be right. 

KXAMPLES. 

1. Required the cube root of 162784.5 
Operation* 

The root* 
162784.500(54.601+ 
6x5x5=125 



.1st Defective divisor, 7500)37784=:lst dividual. 
" Complement no. 616 32464=2d subtrahend/ 

" Complete divisor, 8116) 5320500=2d dividual. 

4x4= 16 5307336=3d subtrahend. 



2d Defective divisor, 874800) 13164000000=3d 4ivid. 

" Complement no. 9756 894364380 l=4th sub- 

" Complete divisor, 884556 4220356199 Remainder. 
6x6= 36 



3d Defective divisor, 6^^43480000 
" Complement no. 163801 



" Coftiplete divisor, 8943643801 

& 5 54 5460 

5 3 3 3 



is 154 1626 163801 

300 4 ' 6 1 



7500 1st 616 1st 9756 2d 1638013d 

Defective divisor. Comp. no. Comp. no. Comp. n©. 

In this example, I annex two cipher* to t^^ given num- 
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bcr, to make up a full period of decimals. In extracting 
the root, I pi'oceed according to the Rule until I have 
brought down all the periods ; then I annex periods of 
ciphers to the remainder, and continue the operation till 
I have found three decimal figures in the root ; and the op-' 
eration might be carried on farther in the same manner. 
The second defective divisor is found by adding together 
16, the square of the second figure of the root, 8116, the 
first complete divisor, and 616^ the corresponding comple- 
ment number, and then annexing two ciphers to the sum 
thus obtained. The third defective divi^.or is found in a 
^ similar manner, only two ciphers more than usual are an- 
nexed, because one period of figures more than usual is 
annexed to the remainder, in order to make it contain the 
divisor. See the Note annexed to the Rule, — The work 
may be proved by raising the root to the 3d power, and 
adding the last remainder to the result. 

In the foregoing example, all the multiplications, per- 
formed in xnaking out the several divisors, are exhibited, 
in order to make the whole operation as intelligible as pos- 
^ sible ; but, as the multiplier is always a single digit, it is ev- 
idently unnecessary to write down all the numbers in the 
-usual form. Each complement number may be readily 
found as follows ; viz. Multiply, mentally, the root except 
the last figure by 3, and place the product to the left hand 
of the defective divisor, in the next line below; then an- 
nex to this product the last figure of the root, and multiply 
the whole by the said last figure, placing the product be- 
low the defective divisor; as in the next following example. 

2. Required the cube root of 1953.125 

300 1933.125(12.5 The root. 
32x2-: 64 1 

364 )953 

4 728. 



43200)225125 
365x6- 1825 225125 

45025 ' 
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3. What is the cube root of 14700125? Ans. 245. 

4. of 12261 5327JJ32? 4968. 

5. of 139291551069-;i8543? 240607. 

6. of 78402.752? 42.8 

7. of 3214? 14.757 + 

8. of . 4? 1.5874-1- 

9. of 74.128? 4.2007 -h 

10. 1 of .15? .5313 -f 

11. of .000684134? .08811-h 

CONTRACTION. 

When the root is to be extracted to many places of fig- 
ures, the latter part of the process may be very much abbrevi- 
ated as follows ; viz. After having found,*by the foregoing 
Rule, at least one-half of the required number of figures of 
the root, then take' the sum of the' last complete divisor 
and the corresponding complement number for a constant 
divisor, and find the other figures of the root by common 
division, or by the 2d Contraction in Division of Decimals. 
Ex» 1. To find the cube root of 344.02 to ten places. 

The root. 
344.020(7.006931908 -^ 
343 



1470000)0)1020000000 
21006x6= 126036 882756216 



147126036 )137243784000 
36 132543922509 



14725210800 )469986,1491 
210189x9= 1891701 4418697 



14727102501 

1472899,4202 

Here, I find the first five figures 
of the ro6t as in the former exam- 
ples : Then I take the last remain- 
der, viz. 4699861491, for a divid- 
end, and the sum of the last com- 
pie te divisor and complement num- 



2811644 
1472899 

13387459 
13256091 

13136810 
11783192 
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ber for a divisor, and find five more figures in the root 
by the 2d Contraction in Division of Decimals, Rule 2d. 
2. Find the cube root of 34567 to nine places of figures.' 

Ans. 32.5752104+ 
- 3. Extract the cube root of 21035.8 to twelVe places of 
figures. Ans. 27.6049105594+ 

PROBLEM III. 

To extract the root of any given power ^ or to find any 
proposed root of a given number. 

GENERAL RULE. 

1. Distinguish the given power, or number, into periods 
of as many figures each as there are units in the index of 
the power, that is two figures for the second root, three for 
the third root, &c. 

2. Begin with the left hand period of the given power, 
and find, by trial, or by a table of powers, the greatest com- 
plete power of the same degree contained in the said peri- 
od. Place the root of the said power at the right hand of 
the given number, for the first figure of the required root, 
and subtract the power from the left hand period ; then 
annex to the remainder the first figure of the ncjxt period, 
for a dividual. 

3. Involve the part of the root already found to theJnext 
inferior power to that which is given, and multiply this 
power by the index of the giVen power, (viz. by 2 for the 
2d ro,ot, or by 3 for the 3d root,i&c.,) for a defective divisor. 

4. Find how many times the defective divisor may be 
had in the dividual, and the result will be another figure 
of the root, probably, , ^ 

5. Involve the whole ascertained root to the given power, 
form subtrahend, which subtract from the two left hand 
periods of the given number, and to the remainder annex 
the first figure of the next period, for a new dividual. 

6. Find a new defective divisor, and anotliter figure of 
the root, as before; and so proceed, always subtracting 
each subtrahend from as many periods of the given num- 
ber as you have found figures in the root. 

Note 1. — As the defective divisors are too small, the 
quotient figures found by them, (especially, the second and 
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ihird figures,) will sometimes be too great. When the sub- 
trahend exceeds those periods from which it is to be taken, 
the last quotient figure must be taken less, &c. 

Note 2. — When the dividual will not contain the divisor, 
annex a cipher to the root, and bring down another figure 
to the 'dividual ; then proceed as befare. 

Note 3. — When the root is to be extracted to many pla- 
ces of figures ; then, after having found, by the foregoing 
Rule, about half of the required number of figures, or one 
more than half, you may make out a new dividual and a 
new defective divisor as usual, and then find the other 
figures of the root by the 2d Contraction in Division of 
Decimals. 

EXAMPLES. 

1. Required the 4th root of 1449832.7281 

1449832.7281(34.7 The root. 
3x3x3x3=81 the 1st subtrahend. 



3x3x3x4=108) 639 the 1st dividual. ' 
34x34x34x34=1336336 the 2d subtrahend. 



34x34x34x4=157216) 1134967 the 2d dividual. 

14498327281 the 3d subtrahend. 

2. Required the 5th root of 371293. 

37i293(13 Ans. 
1X1X1X1X1=1 

1x1x1x1x6=5)27 dividual. 

13x13x13x13x13=371293 subtrahend. 

3. Extract the 3d root of 10077.696 by the foregoing 
general rule. Ans. 21.6 

Note 4. — The operations of extracting the roots of high 
powers by the foregoing general rule, will be very tedious : 
The following method, when practicable, Will be much 
more convenient. 

When the index of the given power, or oi the required 
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root, \e a comtposite number ; take any two or more indices 
whose product iB eq[ual to the given index, and extract 
from the given number a root answering to one of those 
indices, and then extract from this root, a root answering 
to another of the indices, and so on to the last; and the 
root last found will be the answer. Thus, the 4th root is 
equal to the 2d root of the 2d root, because the index 4 is 
=2x2; and the 6th root is equal to the 3d root of the 2d 
root, because 6=3x2, &c. 

Any power whose index is divisable by 2, may be re- 
duced to a power of half the height, by one extraction of 
the 2d root ; and, any power whose index is divisable by 
3, may be reduced to a power of one-third th^ height, by 
one en^traction of the 3d root; 4lc. It is, therefore, evid- 
ent that most powers may either have their roots extracted, 
or be reduced to lower powers, by extracting the 2d and 
3d roots only. 

4. Required the 4th root of 20736, by the method laid 
4own in the last Note. 

Here, V20736=144, and V144=12, the Ans. 

5. Extract the 18th root of 12 to four places of figures. 
Here the index of the given power is 18, v/hich is equal 

lo 2x3x3 : therefore, the required root may be found by 
one extraction of the 2d root and two of the 3d root; as 
follows: V12=?3.4641016+; then,>^3.4641016=1.51308+; 
then, ^1.51308=1.148+, the Ans. 

6. Extract the 6th root of 21035.8 to four places. 

Ans. 5.254-f- 

7. Extract the 9th root of '21036.8 to five places. 

Ans. 3.0222+ 

PROBLEM IV. 

To extract the roots qf*Vulgar Fractions. 

RULE. 

*1. Reduce the given fraction to its lowest terms. 

2. If both terms of the fraction be complete powers, ex- 
tract the root of the numerator, and of the denominator, for 
the terms of the root required. 

3. When the terms are not both complete powers, re- 
duce the vulgar fraction to a decimal, and then extract tl^e 
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root, as usual : Or, multiply together the numerator and 
denominator; then the root of this product being made 
the numerator to the denominator of the given fraction, or 
the denominator to the numerator of it, will give the root 
required. 

4. Mixed numbers may be reduced to improper frac- 
tions and the roots then extracted ; or, the vulgar fraction 
may be reduced to a decimal, then joined to the integer, 
and the root of the whole extracted. 

EXAMPLES. 

1. Required the square root of a^g-. 

Here, , — — f , the Ans, 
^^ 

2. Required the cube root of f. 

Here t=.571428+, and ^.B71428=.8jJ9+ Ans. 

3. Required the square root of 2|. 

Here 2|=^f, and ^?=|=li, the Ans. 

Or, 21=2.25, and V2.25=:1.5, Ans. 

4. Required the square root of f. Ans. f . 

5. Required the square root ol" f . Ans. .84515+ 

6. Required the cube root of ^, Ans. 4* 

7. Required the 4th root of 7ff. Ans. If. 



PROPORTIONS AND PROGRESSIONS. 

Proportion is an equality of ratios, and is either arith- 
metical or geometrical. Arithmetical proportion is an 
equality of arithmetical ratios, and geometrical proportion 
is an equality of geometrical ratios.* Thus, the numbers 

* These two kinds of ratios have been treated of in a preceding part of 
this work. It may be proper to inform the learner that the names of 
these two kinds of ratios have been adopted arbitrarily, merely for ftie 
eake of distinction ; ratios of both kinds being applicable both to Arith- 
nietic and Geometry. 

There are some other kinds of ratios sometimes mentioned, vis. the 
following : 

A compound ratio is the ratio of the product of the corresponding terms 
oiiwi, or more simple geometrical ratios ; as in Compound Proportion, 
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PROPORTIONS AND PR4IGR£SSI0KS^ ^1 

4, 6, 8, 10, are in arithmetical proportion, because the 
difference between 6 and 4 is the same as the difference 
between '10 and 8 : And the numbers 2, 6, 4, 12, are in 
geometrical proportion, because the quotient of 6 divided 
by 2, is the same as the quotient of 12 divided by 4. 

To denote numbers as being geometrically proportional^ 
a colon is set between the two terms of each couplet, to 
denote their ratio ; and a double colon, or else the sign of 
equality, between the couplets. We may also denote arith- 
metical proportionals by separating the couplets in the 
same manner, and writing a colon, turn"ed horizontally, 
between the terms of each couplet. So, the geometrical 
proportionals 4, 2, 6, ^ may be writen thus, 4 : 2 :: 6 : 3, 
or thus, 4 : 2=6 : 3 ; and the arithmetical 5, 2, 7, 4, thus, 
5 .. 2 :i 1 ,. 4,. or thus, 5 .. 2-7 ..4. 

. Proportion is distinguished into continued, and discoU' 
finued. When the difference, or the ratio, of the conse- 
quent of one couplet and the antecedent of the next couplet, 
is not the same as the common difference ar ratio of the 
couplets, the proportion is said to be discontinued. So, 
2, 5, 6, 9, are in discontinued arithmetical proportion, be- 
cause 5—2=9—6=3, whereas 6—5^1 : and 2, 4, 12, 24, 
are in discontinued geometrical proportion, because 4-s-2 
=24^12=2, but 12-f-4=3, which is not the same ratio, fiut, 
when the difference, or ratio, of every two succeeding 
terms is the same q^uantity, the proportion is said to be con- 
tinued, and the numbers themselves make a series of contin- 
ued proportionals, commonly called & progression. So, 2, 
4, 6, 8, form an arithmetical progression, because the terms 

or the Double Role of Three. Tbug, the ratio of 12 : 4 is 3, and the ra- 
tio ofG: Sis 2: Tbe ratio pompounded of these is 112X6:4X3, or 
72 : 12, eqaai to 6. 

The ratio of the squares of any two qaantities, is called (be duplicate 
ratio of the auantities ; the ratio of the cubes of the qqantities is called a 
triplicate rcUio ; the ratio l>f their 4thpowert, m quadruplicate ration 8io, 
Also, the ratio of the square roots 'of two quantities is called a subdupU- 
cote ratioy and the ratio of their cube roots a subtriplicate ratiOt &c. 

Thus, the duplicate ratio of 4 to 2, is the ratio of 4^* : 2', 
or of 16*: 4, equal to 4; and the triplicate ratio of 4 to 2 
is 4^ : 2^, or 64 : 8, equal to 8, &c. Also, the subdupli- 
cate ratio of 4 to .2 is V4 : V2, and the subtriplicate ratio^f 
4to2is ^4 : #2, &G. 
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372 ARITHMB*tICAL PKOPORTlOK. 

have all the same comman difference ; that is, 4 — 2=6 — 4 
=8 — 6=2 : And 2, 4, 8, 16, form a geometricaL progres- 
sion, because 4-5-2=8-^-4=16-^8=2, all the same ratio. 

When the succeeding terms of a progression increase, 
or exceed each other, it is called an ascending progression 
or series ; but, when the terms decrease, the series is said 
to be a descending one. So, 1, 2, 3, 4, &c. is an ascend- 
ing arithmetical progression or series ; but 9, 7, 5, 3, 1, is 
a descending arithmetical progression. Also, 1, 2, 4, 8, 
16, &^c. is an ascending geometrical series; and 16, 8, 4, 
2, 1, dsc. is a descending one. 

The first and last terms of any series, are called the eX' 
tremes, and the other terms, the means. 



ARITHMETICAL PROPORTION AND PROGRES^ 
SION. 

In Arithmetical Progression the terms have all the same 
con^mon difference. 

The most useful part of Arithmetical Proportions is 
contained in the following theorems. ' 

.Theorem 1. — When four quantities are in arithmetical 
proportion, the sum of the extremes is equal to the sum of 
the two mean terms. Thus, of the four, 2, 4, 7, 9 ; here 
2-f9=4-f7=ll. 

Theorem 2. — Inany continued arithmetical progression, 
the sum of the two extremes is equal to the sum of any two 
means which are equally distant from the extremes, or 
equal to double the middle term when there is an uneven 
number of terms. Thus, in the progression 1, 3, 5, it is 
l+5=3-f3=6; and in the series 2, 4, 6, 8, 10, we have 
2-}-10=4+8=6-f6=12. 

Theorem 3. — The difference between the extreme terms 
of an arithmetical progression, is equal to the common dif- 
ference of the series multiplied by the number of terms 
less 1. So, of the six terms, 2, 4, 6, 8, 10, 12, the com- 
mon difference is 2, and 1 less than the number of terms is 
5; then, the difference of the extremes is 12 — 2=10; and 
2x5=10 also. 
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ARITHMETICAL PROGRESSION. 273 

Consequently, the greatest term is equal to the least term 
added to the product found by multiplying the common 
difference by the number of terms less 1. 

Theorem 4. — The sum of all the tertns in any arith- 
metical progression, is equdl to half the sum of the ex- 
tremes multiplied by the number of terms ; or the sum of 
the extremes multiplied by the number of the terms, gives 
double the sum of the series. This is made evident by 
setting the terms of any arithmetical progression in an 
inverted order, under the same series in a direct order, and 
then adding the terms together in that order. 

Thus, in the series 1, 3, 5, 7, 9, 11; 
do. inverted 11, 9,' 7, 6, 3, 1; 



the sums are 12 + 12 + 12+12+12+12, which 
must be double the sum of the single series, and is evid- 
ently equal to the sum of the extremes repeated as often as 
the number of terms. 

From the foregoing theorems may be found any one of 
these five parts, or things, idz. the least term, the greatest 
term, the number of terms, the common difference of the 
terms, and the sum of the progression, when any three of 
them are given ; as in the following 

PROBLEMS IN ARITHMETICAL PROGRESSION. 

Problem I. — The extremes and the number of terms being 
given, to find the sum of all the terms of the progression. 

Rule. — Multiply the sum of the extremes by the num- 
ber of terms, and half of the product will be the sum of the 
series : Or, multiply one of those factors by half of the 
other, and the product will be the answer. 

, Example 1. If the least term of an arithmetical pro- 
gression be 4, the greatest term 18, and the number of 
terms 8, what is the sum of the series? 

Here 4+18=22, the sum of the extremes : then, 22x8 
=176, and 176-1-2=88, the Ans. 

2. If the extremes be 1 and 312, and the number of terms 
15, what is the sum of the series ? Ans. 2347^. 

3. How many strokes does the hammer of a common 
clock strike in 12 hours? Atis. 78. 

■ Digitized by VjOOQIC . 



3T4 arithm'kticaj:. progkessiok. 

4. What is the sum of the first 100 numbers? 

Ans. 5050. 

Problem II. — When one of the extremes, the common dif- 
ference, and the number of terms a>re given, to find the 
the other extreme. 

Rule. — Multiply the number of terms, less 1, by the 
common difference, and the product will be the difference 
of the extremes ; which being added to the less extreme 
will give the greater, or subtracted from the greater, will 
give the less. 

Note. — In the same manner may be found any one of the 
mean terms, when the common difference, one of the ex- 
tremes, and the number of the required term, (reckoning 
from the given term or extreme,) are known. ^ 

. Example 1. The least term of an arithmetical progres- 
sion is 4, and the^comroon difference is 2; what is the 8th 
term of the series ? ' 

Here the number of terms' less 1, is 7: therefore, 7x2 
=14, and 14+4=18, the 8th term, Ans. 

2. If the greatest term be 70, the common difference 3, 
and the number of terms 21, what is the least term ? 

Ans. 10. 

Si A Inan puts out $1, at 6 per cent, simple interest, 
which, in 1 year, amounts to $1.06, in 2 years to $1.12, in 
3 years to $1.18, and so on, in arithmetical progression, 
with a common difference of $.0O: what would be the 
amount in 20 years? 

It is obvious that the yearly amounts of any stim, at sim- 
ple inferest, form an arithmetical progression, of which the 
principal is ihe first or l€a>st term, the last amount is the 
last or greatest term, the yearly interest is the common 
difference, and the numher of years is 1 less than the 
number of terms. Hence the foregoing question is solved 
thus; 20x.0a=$1.20, and $1.20+1 =$2.20 Ans. 

4. Suppose 100 oranges wfere laid in a row on. the ground, 
2 yards distant from each other, in a right line, arid a bas- 
ket placed two yards fVom the first orange; what length 
of ground must that boy travel over who gathers them up 
singly, returning with them one by one to the basket? 

Ans. 11 miles, 3 fur. 32^y4vte^' 
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ARITHMETICAL PROGRESSION. 275 

In* the last qiiestioii, the first; or least term, is 4 yards, 
the common difference is 4 yards, and the number of terms 
is 100 : the sura of this series is the answer. 

Problem III. — TJie extremes and the number of terms- 
being given, to find the common difference, 

RuLE.-r-Divide the difference of the extremes by the 
number of terms less 1, and the quotient will be the com- 
mon difference. • . 

Example 1. If the extremes be 4 and 18, and the num- 
ber of terms 8, what is the common difference of the terms? 

Here 7=the number of terms less 1, and 18 — 4=14=the 
difference of the extremes : then, 14-5-7=2, the common 
difference of the terms, Ans. 

2. A man puts out $100, at simple interest, for 10 years, 
and receives at the end of said time $160, for the amount 
of principal and interest : what was the yearly interest, or 
rate per cent.? 

Here the extremes are $100 and $160, a^d the number 
of terms is 11 ; and hence, the comw,on difference, or year- 
ly interest, is $6, Ans.— Sec Ex. Sd, Prob. II. 

Problem IV. — The extretnes and the common difference 
of the terms being given, to find the number of terms, 

RuLE.—Divide the difference of the extremes by the 
common difference of the terms, and the quotient, increas- 
ed by 1, will be the answer. \ 

Ex. 1. If the extremes be 4 and 18, and the common 
difference 2, what is the number of terms ? 

Here 18— 4=14, the difference of the extremes i then, 
14-5-2=7, and 7+1=8, the Ans. 

2. In whfit time will $100 amount to $160, at 6 per cent, 
per annum, simple interest? Ans. 10 years. 

See Ex. 2. Prob. HI. 
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GEOMETRICAL PROPORTION AND PROGRES- 
SION. 

In Geometrical Progression, the terms have all the same 
multiplier^ or divisor. 

The most useful part of Geometrical Proportion is con- 
tained in the following theorems; which are similar to 
those in Arithmetical Proportion, only multiplication and 
division are here used, instead o{ addition and subtraction. 

Theorem 1. — When four quantities are in geometrical 
proportion, (either continued or discontinued,) the pro- 
- dttct of the two extremes is equal to the product of the two 
means. Thus, in the four % 4, 3, 6, it is 2x6=4x3=12. 

And hence, if the product of the two mean terms be di- 
vided by either of the extremes, the quotient will be the 
other extreme i which is the foundation and reason of the 
practice in the Kule of Three. 

Theorem 2. — In any continued geometrical progres- 
sion, the product of the two extremes is equal to the pro- 
duct of any two means that are equally distant from them, 
or equal to fhe second power of the middle term when 
there is an unequal number of terms. Thus, in the series 
2, 4, 8, 16, 32, it is 2x32=4x16=8x8=64. 

Theorem 3. — The quotient of the extreme terms of any 
geometrical progression, is equal to the common ratio of 
the series raised to that power whose index is 1 less than 
the number of terms. . Consequently the greatest term is 
equal to the said power multiplied by- the least term. So, 
of the fiye terms, 2, 4, 8, 16, 32, the ratio is 2, and 1 less 
than the number of terms is 4 ; then, the quotient of the 
extremes is 32-^2=16, and the 4th power of the raiio is 
8x2x2x2=16 also. 

Theorem 4. — The sum of all the terms in any geomet- 
rical progression, is equal to the greatest term added to the 
quotient found by dividing the difference of the extremes 
by the ratio less 1. Thus, the sum of the terms 2, 4, 8, 16, 

32, (whose ratio is 2,) is=32+^'^^-, =32+30, =62. 

2 — 1 

From the foregoing theorems may be found any one of 
these Jive things, the least term, the greatest term, the 
number of terms, the coimnon ratio of the terms, and the 
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*ttm of the profession, when khj three of thtm are giren ; 
«is in the following 

PROBLEMS IN OEOMETRIClL PEOOaSSI^IOK. 

Problem I. — The extreme terms of a geometrical pregres-' 
sion, and the common ratio of the terms being giv&ti^ to 
find the sum of the series^ 

Rule. — Divide the differeiide of the extremes by the 
ratio less I ; add the quotient to the greater extreme, and 
the amount will be the sum of the series. 

Mxample 1. If the least term of a geometrical progres- 
sion be 2, the greatest term 486, and the ratio 3, what is the 
sum of all the terms I ~ 

Here (486— 2)-i-{3— 1)=:242, and 242+486=728, the Ahs. 

2. If the extremes be 1 and 15625, and the ratio 5, what 
is the sum of tke series? Ans. 19531. 

pRORLEM il. — When one of the extremes, the ratio, and 
the number of terms are given, to find the other trireme. 

Rule. — Raise the ratio to \hat power whose iadex is I 
]«ss than the number of terms : then, multiply this power 
bj^ the less extreme, to find the greater ; or divide the 
greater extreme by the said power, to find the less. 

Note I. — In the same manner any one of the means imy 
be found; only, in this case, the ratio must be raisetj^lo 
that power whose index is less by 1 ^an the number of 
the required term, reckoning from the given term or ex- 
treme. 

Note 2. — When it is necessary to find a high power of a 
ratio, it will- be convenient to proceed as follows ; viz. 
Write down^ in one line, a few of the lower or leading 
powers of the ratio, and place their indices over them. 
Add together su<^h indices whose sum sliall be equal to the 
•k^dexof the required power ; then multiply together the 
powers belonging to tbosfe indices, and their product will 
he the piorwer required. 

Example 1. If the first, or least term, of an ascen^ng 
eometrlcal profressian be 4, and the ratio 2; what is the 
5th term ? 

X 
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I first fiiK) the 14th power of the ratio, ai» follows u 
+ + + N. B. Those in- 

1, 2, 3, 4, 5, 6, indices. dices which are 

2, 4, 8, 16, 32, 64, powers of the ratio, marked with the 
Here 6+5+3=14=the no. of terms less 1 . sign -f are added 
And 64x32x8=16384, the .14th power together. 

of the ratio. 
Then, 16384x4=65536, the 15 term, Ans. 

2. If the greatest V term of a geometrical progression be 
177147, the ratio 3, and the number of terms 11, what is 
the least term ? 

1, 2, 3, 4, . 5, indices. 

3, 9, 27, 81, 243, leading powers of the ratio. 
Here 5+5, or double the index of the 5th power,=10f 
=the number of terms less 1 ; and 243x243, or the square 
of the 5th power,=59049, the 10th power of the ratio. Then, 
177147-^-59049=3, the least term, Ans. 

3. Jf the posterity of Noah, which consisted of 6 per- 
' sons at the time of the flood, increased so as to double their 

number in 20 years, how many inhabitants were there in 
the tr.orld 2 years before the death of Shem, who died 502 
years after the flood ? Ans. 100663296. • 

In the preceding question, the first term is 6, the ratio 2^ 
ana the number of terms=(502— 2)-x-20,=506h-20=25 : the 
lajrt. term of the series is the answer. 

4. Required the^fith term of a descending geometrical 
progression, whose first or greatest term is 486, and ratio 
li, or 1.5 Ans. 64. 

5. What is the amount of $20 for 5 years, at 6 per cent, 
per annum, compound interest I 

Compound interest is that which arises from adding the 
-interest to the. principal at the end of each year, and ma- 
king use of the amount for a new principal ; and it is ob- 
vious that these several amounts form a geometrical pro- 
gression, of which the given principal is the least term, 
the number of years the, number of terms, the c^jnount of 
$1 for one year the ratio, and the la^t amount the Ittst 
term. Thus, in the foregoing^ question, jthe Jeast, term is 
$20; the number of terms is 5, and the ralio is $1.06,=the 
amount of $1 for 1 year; and hence, the answer is 1.06* 
X20=:1.26247696x20=$25.2495392 ^ , 
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Problem III. — One of the extremes, the ratio, and the 
number of terms being given, to find the sum of the 
series* 

Rule. — Find the other extreme, by Problem II., and 
then find the sum of the series by Prob. I. 

Or, if the less extreme be given, you may find the sum of 
the series without finding the greater extreme ; viz. as fol- 
lows : Raise the ratio to that power whose index is equal 
to the number of terms \ from which subtract 1 ; then mul- 
tiply the remainder by the less extreme ; divide the pro- 
duct by the ratio less 1, and the quotient will be the sum 
of the series. 

Ex» 1. The least term of a geometrical progression is 4, 
the ratio is % and the number of terms 18 : what is the sura 
of the series ? 

Operation by the second method. 
1,' 2, 3, 4, 5, 6, indices. 
2, 4, 8, 16, 32, 64, powers of the ratio. 

Here 6+6+6=1 8=the number of terms ; and 64x64x64 
^262144, the 18th power of the ratio. 

Then, (262144-l)x4 ^ia48572^^^^3,,^ ^^^ 
2—1 1 

2. A gentleman, whose daughter was married on a new- 
year's day, gave her a dollar towards her portion, prom- 
ising to triple the sum on the first day of every succeed- 
ing month in that year : what was the amount of her p|J^ 
lion? • Ans. $260720. 

3. Whiat would 30 yards of broadcloth lim'ounf to at 1 
pin for the first yard, 2 pins for the second, 4 for the third, 
&c. supposing the pins to be sold at the rate of 50 for a 
cent? Ans. 8214748.3646 

4. A thresher wrought 20 days for a farmer, and by 
agreement, was to receive 4 kernels of wheat for the first 
day's work, 12 for the second, 36 for the third, and so on : 
What did the 20 day's labor amdunt to, supposing 491520 
wheat corns to make a bushel,* and each bushel to be 
worth $1.25? Ans. $17733.75, rejecting the fractional 
part of a bushel. 

* 7580 wheat or barley corns are supposed to make a piQt> or 4915S0 
corns a bushel. ogtzed by Google 
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5. If the greatest iexm of a geometrical progression be 
19531^^9 the ratio 5, and the number of terms 10, what 
is the sum of the series? Ans. 24414060. 

Note* — When the series is a decreasing one, and the 
number of terms is infinite ; multiply the greatest term by 
the ratio; divide the product by the ratio less 1, and the 
quotient will be the sum of the infinite series. 

6. Required the value of the interminate decimal .666, dec. 
The decimal fraction .666, &.c. is evidently equal to the 

series -A + r^+xAr. &c. continued^ without limit, the 
ratio of which is 10, Therefore, multiplying A (the great- 
est term in the series) by 10, and then dividing the pro- 
duct by 9, (the ratio less 1,) gives ii=f, Ans, 

7. Fnd the*sum of the infinite series whose greatest term 
is 100, and ratio 5. Ans. 125. 

8. Find the sum of the infinite series 1, 4", i, f, &c., the 
fatio of which is 2. Ans. 2. 

9. Supposing a man to walk 20 miles the first day, 19 
miles the second, 18A niiles the third, &^c., decreasing 
^ach day's journey by a ratio of l-,\ ; would he ever arrive 
at a city 500 miles distant from the place he set out froip, 
if it were possible for him to travel through an infinity of 
ages and never stop? 

Ans. No ; the utmost distance he could traye) wpuld 
be but 400 miles. 



PERMUTATIONS AND COMBINATIONS. 

The Permutation of Quantities is the showing how 
many diflf^rent ways the order of any given number of 
things may be varied or changed. This is also called Fa- 
riation, Alternation, or Changes;' and the only thing to 
be regarded here, is the order they stand in ; for no two 
parcels are to have all their quantities placed in the same 
order, ^ 

The QomhinaHon of Quantities is the showmg how 
•ften a less number. of things can he takejii out of a greater, 
and combined together, without considering their places, 
0r the Qrder thisy 8j«1|d ijfi* This is sometimes called fhcr, 
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fion, or Choice ; and here every parcel must be different 
from all the rest, and no two are to have precisely the same 
quantities or things. 

The Composition of Quantities, is the taking of a given 
number of quantities out of as pfiany rows of diifferent quan- 
tities, .one out of every row, and combining them together. 
Here no regard is had to their places; and it differs from 
Combination only as that admits of but one row of things. 

Problem I. — To find the number of permutations, or 
- changes, that can he made of any given number of things, 
all different from each other. 

Rule.* — Find the contined product of the terms in the 
natural series of numbers, 1, 2, 3, 4, 6ce. up to the given 
number of things, and the result will be the answer required. 



Example 1. How many changes 
£an be made of the first three letters 
of the alphabet ? 



1 
2 

Proofs ^ I 

5 
6 



ah c 
a c b 
b a c 
h c a 
cb a 
cab 



Here the given number of things 
is 3, and therefore 1 x2x3=6, the Ans. 

2. Hqw many different positions can 7 persons place 
themselves in at a table ? ' Ans. 5040. 

^ 3. How many changes may be rung on 12 bells, and how 
long would they be in ringing but once over, supposing 
J5 changes might be rung in one minute ? 

Ans. The number of changes is 479001600, and the time 
is 60 Julian years and 261 days. 

Problem H. — Any number of things being given, to find 
how many changes can be made out of them by taking 
any given number of quantities at a time. 

Rule. — Take a series of numbers consisting of as many 

* The reason of (his rule may be shown tjius*. Any one thing, a, is 
capable oCod^ posilion oaly, as a. Any two things, a and 6, are capa- 
ble of two variations only, a6, ba ; the number of which is expressed by 
1X2. If there be three things, a, &,ana c -, then any two of them, leavr 
ing out the third, will have 1X2 variations ; and conseqnently when the 
44iird is taken in, there will be 1X2X3 variations. If there be foar 
things ; then every three of thorn, without the fourth, will have 1X2X3 
variations ; and hence the four will admit of 1X2X3X4 V9f\f^\\Q^s } 
^nd so OD, as far as we please. 
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terms as there are quantities to be taken at a time ; begin*' 
ning at the number of things given, and.dccreasing contin- 
ually by 1 ; and the product of all the terms will be the 
answer. 

Example 1. How many changes may be rung with 3 
bells out of 8? 

Here the series must begin with the number 8, and con-^ 
sist of three terms : Thus, 8x7x6=336, Ans. 

2. How many words can be made with 5 letters out of 
the 26 in the alphabet, admitting that a number of conso- 
nants alone will make a word ? Ans. 7893600. 

Problem HI. — Any number of things being given, where- 
of there are several things of one sort, and several of 
another, ^c, to find how many changes can be made out 
of them all. 

Rule. — 1* Take the series 1x2x3x4, &c. up to the num*- 
ber of things given, and find the product of all the terms. 

2. Take the series 1x2x3, &c. up ^ the number of the 
given things of the first sort, and the series 1 X2x3, &c. 
up to the number of the given things of the second sort, &c. 

3. Divide the product of all the terms of the first series 
by the joint product of all the terms of the remaining ones, 
and the quotient will be the answer. 

Example 1. How many different numbers can be made 
of the following figures, 1 122244B ? 

Here the number of things, or figures, is eight; there 
being tWQ I's, three 2's, two 4's, and one 5. Therefore, 
Ix2x3x4><5x6x7x8=;:40320, the dividend. 
lX^(tW9 terms,=the no. of V8)=2^ The product of 
lx2x3(tA.reeterms,=the no. of 2's)=0 I these numbers^viz. • 
lX2(<i£)o terms,=:=the no. of 4's)=2 r 2x6x2x1 =24, is 
l{one term, = the no. of 5's)=l J the c^m^or. 

Then, 40320:^24=1680, Ans. 
2. How many variations can be made of the letters in the 
word Bacchanalian? Ans. 4989600. 

Problem IV. — To find the number of combinations of any 
given number of things, all different from each other^ 
taken any given number at a time. 
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Rule. — 1. Take the series 1, 2, 3, 4, &c. up to the num- 
be to be taken at a time, and find the product of all the 
terms. 

2. Take a series of as many terms, decreasing by 1, from 
the given number, out of which the election is to be made^ 
and find the product of all the terms. 

3. Divide the latter product by the former, and the quo- 
tient will be the number nought. 

Note. — ^The operations may often be very much short- 
ened, by the method of contraction made use of in Com- 
pound Proportion, 

Example 1. How many combinations can be made of 
6 letters out of 10? 

Operation according to the Rule. 
1x2x3x4x6x6=720 divisor. 
10x9x8x7x6x5=161200 dividend. 

Then, 151200+720=210 Ans, 
3 2* 
Contracted thus: 10x,9'x,8'x7K6'x.6' _^^p ^^^ 
JX,2'X.3'X.4'X,6'X,6' 

2. A butcher bargained with a farmer for a dozen sheep, 
(at $2 per head,) which were to be picked out of 2 dozen ; 
but being long in choosing them, the farmer told him that 
if he would give him a cent for every different dozen which 
might be chosen out of the 24, he should have the whole ; 
to which the butcher readily agreed : What did the sheep 
cost him? Ans. $27041.56 

3. How many locks, whose wards differ, may be unlock- 
ed with a key of 6 several wards ? • 

Ans. 63 locks ; 6 of which may have one single ward, 
15 double wards, 20 triple wards, 15 four wards, 6 five 
^ards, an<J 1 lock 6 wards. 

To solve the last question, find how many combinations 
can be made of 1, of 2, of 3, &c. to 6 things, out of 6, and 
the several results will be the number of locks of 1, 2, 3, 
.&c. w^rds, respectively. 

Problem V. — To find the compositions of any number, in 
an equal number of sets, the things themselves being 
§11 different. 

Digitized by VjOOQIC 



284 POSITION. 

RuLfi. — Multiply the number of things in every set con- 
tinually together, and the product will be the answer. 

tlx. 1. Suppose there are 5 companies, each consisting 
of 9 men ; it is required to find how many different ways 
5 men may be chosen, one out of each company? 

Here we must multiply together as many 9's as there 
are companies, thus 9x9x9x9x9=59049 An's 

2. In how many ways may a man, a woman, and a child, 
be chosen out of three companies, consisting of 5 men, 7 
women and 9 children ? 

Here 5x7x9=315, the Ans. 



POSITION, 

Is a method of solving certain kinds of arithmetical ques- 
tions which cannot be resolved by the common direct rules. 
It is sometimes called' False Position^ or False Suppo- 
sition, because it makes a supposition oi false numbers, to 
work with them as though they were the true ones, and 
by their means discovers the true numbers sought. It 
admits of two varieties, viz. Single Position and Double 
Position. 

In Single Position, the answer to a problem is obtained 
by one assumption or supposition ; in Double Position it 
is obtained by two* 

*'iUe i-utea of Positioo are applicable to questions, in which the opera- 
tions to be performed on the numbers sought will not produce any pow- 
trsor roots of the said numbers ; such, for pxaraple, as the questions usu- 
ally brought to exercise the reduction of simple equations in Algebra. 

Those questions in which tiie results arc proportional to their supposi- 
tions belong to Single Position : such are those which require the muUU 
plication or division of (he number sought by any known cumber ; or in 
ivhich it is to be increased or diminished, by the addition or subtraction 
of itself, or of any parts of itself, any given number of times, Questions 
in which the results are not proportional to their positions} cannot be 
solved by the Rule of Single Position. 

Questions in which different suppositions will give results whose differ- 
ence is proportional to the difference of the suppositions, may be solved 
<l)y the Rule of Double Position. This includes all kinds of questions 
which can be solved by Single Position ; and also many others, in which 
the results are not proportional to their suppositions, viz. those in which 
the numbers sought are to be incfed9*td or diminished, by the addition or 
subtraction oi some given nnmber, vvhich is no known part of the number 
required. * • 
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SINGLE POSITION. 



RULE. 

Assume or take any convenient number, and perform on 
it the operations mentioned in the Question as beins^ per^ 
formed on the required number : Then, if the result thus 
obtained i>e the same with that in the question, the assumed 
number is the number sought ; but if it be not, say, as the 
result of the operation : is to the true result given in the 
question :: so is the assumed number : to the number re- 
quired.* 

EXAMPLES. 

1. It is required to find a number, to which if one-half, 
ene^third, and one-fourth of itself be added, the sum will 
be 1500? 

Suppose the required Proof, 

pumber to be 60 The answer^ 720 

i of 60 =30 i of 720 =: 360 

i of 60 =20 i of do. = 240 

i of 60 =x 15 i of do. = 180 



Result, 126 Sum, 1500 

Then, as 125 : 1500 :: 60 : 720, the Ans, 

2. A person having about him a certain number of dol- 
lars, said that i, i, and i of them would make 95 : How 
•many had he ? ^ Ans. $100. 

3. A person after spending ^ and \ of his money, has 
•50 left : What sum had he at first ? Ans. $140. 

4. What number is that, i^hich being multiplied by 7, 
flind the product divided by 12, the quotient will be 21 ? 

Ans. 36. 
p. Seven-eighths of a certain number exceeds four-fifths 
of it by 6: What is that number? Ans. .80. 

6. Divide $440 between A, B, and C, giving B as much 

"The rasulls in Single PosKion, being proporiiotuU to their poiHiontt <be 
ressoo of the Role iflobvioofl. Every question tbat can be resolved by 
Ibid rule, may also be resolyed by ihe rule of Double Position ; and 
therefore tbe latter role may be employed when it is doubtful whef ber 
|be questioa belongs lo SingljB or to Doable Position. ,^ 
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as A, and a fifth part more, and C as much as A and B to- 
gether. Ans. A's part is $100, B's $120, C's $220. 

7. Lent a certain sum of money to a friend, to receive 
simple interest for the same, at the rate of 6 per cent, per 
annum ; and at the end of 10 years I received for prin- 
cipal and interest $400 : What was the sum lent ? 

Ans. $250. 

8. Joe Strickland drew a prize in a lottery ; the value 
of which was just 3000 times the price of the ticket. The 
money he paid for the ticket, if put dut at simple interest, 
at 5 per cent., would not amount to a sum equal to the prize 
short of 59980 years : Required the price of the ticket, 
and the value of the prize. 

Ans. The prize was $30000, and the ticket cost $10, 



I>OUBLE POSITION, 

RULE. 

Assume two diiferent numbers,' and perform on them, 
Reparately, the operations indicated in the question : Then ^ 
say, as the difference of the results" thus obtained ; is to the 
difference between either of those results and the true result 
given in the question i: so is the diilierence of the two as* 
sumed numbers : to the difference between the assumed 
number which gave the result used in the second term of 
the proportion and the true number required ; which dif- 
ference, (or correction,) being add^d to that assumed num- 
ber when it is too little, or subtracted from it when it is too 
great, will give the number sought. 

Note 1.— The results will commonly be too great when 
the assumed numbers are too great, and too small when 
the assumed numbers are too small ; but sometimes the 
reverse of this will be true, viz. when the greater of the 
two assumed numbers^ gives a less result than the other. 
When both the results happen to be the same niftmber, (the 
assumed numbers being ono greater and the other les.s than 
the truo number,) then half the sum of the two assumed 
numbers will be the number sought. 
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EXAMPLES. I 

1;. Required to find a number from which if 2 be sub-' 
tracted, one-third of the remainder will be 16 less than the 
required number. 

First, suppose the^-equired number to be 20, from which 
take 2, and one-third of the remainder is 6: This b^ijig 
taken from 20, (the assumed number,) the remainder is 14^ 
the fir si result This result is less than 16, the result in 
the question, and therefore the assumed number, 20, is less^ 
than the number sought. 

Secondly, suppose the required number to be 26, from 
which take 2, and one-third of the remainder is 8, which 
being taken from 26, the remainder is 18, the second rc- 
sult, which is too great* Then, 

18 — 14=4, difference of the first and second results. 

18—16=2, difference between the 2d result and the triie 
result given in the question. ' 

26 — 20:^=6, difference of the two assumed numbers. 

Then, as 4 : 2 :: 6 t 3, the correction^ or thediflference 
between the 2d assumed number and the true one ; which 
being subtracted from the said assumed number, the re-* 
mainder, 23, is the answer required. 

2. Suppose the old sea-serpent's head is 10 feet long, 
and his tail is as long as his head and half the length of 
his body, and his body is as long as his head and tail ; what 
is the whole length of the monster? 

First, suppose the length of his body to be 30 feet ; then, 
adding half of 30 to 10 feet, (the length of his head,) gives 
25 feet for the length of his tail. Then, 25+10—30=5^ 
the first result, being the number of feet, the supposed 
length of his body is less than the sura of the lengths of 
his head and ta|I. According to the question this result 
should be 0, and therefore the length of his body must 
exceed 30 feet. 

Secondly, by supposing the length of his body to be 34 
feet, and proceeding as beforp, the second result is 3. 

Then, as 5—3 : 5—0 :: 34—30 : 10, the correction, to 
be added to the first assumed number. Therefore the 
length of his body is 30+l(]-40 feet, the half of which be-- 
ing added to 10 feet, the length of his head, gives 30 feet 
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for the length of his tail ; and consequently his whole length 
is 10+40+30=»80feet, Ans. 

3. Divide $100 among four meii, A, B, C and D, so that 
B may have $4 more than A, C $8 more than B, and D 
twice as many dollars as C. 

Ans. A's share is $12, B's $16, C's $24, D's $48. 

4. Two men, A and B, lay out equal sums of money in 
trade; A gains $126, and B loses $87, aiid A's money is 
now double to B's : What sum did each lay out ? 

Ans. $300. 

5. If one person's age be now only 4 times as great as 
another's, though 7 years ago it was 6 times as great, what 
is the age of each ? 

Ans. The age of the younger person is 17i years, and 
that of the elder 70 years. 

6. A laborer hired to a farmer on the following condi^ 
tions ; viz. for every day he wrought he should receivefSO 
cents, and for every day he was idle he should pay 20 cents 
for his boarding. At the end of 50 days he received $14.50» 
which was then his due. How many days did he work ? 

Ans. 35. 

7. A person being aSked the time of day, replied, that 
the time past noon was exactly equal to f of the time to 
midnight i Required the time of day ? 

Ans. 40 minutes past 2, P. M. 
Note 2.-The foregoing Rule of Double Position depends 
upon the principle, that the differences between the true 
and the assumed numbers are proportional to the differen- 
ces between the result given in the question and the results 
arising .from the assumed numbers. This principle is quite 
correct in relation to questions in which the numbers 
sought do not ascend above the first poWer, but not in rela- 
tion to any others ; and hence, when applied to others, it 
does not give the exact answers. The answers to such 
questions may, however, be found, or approximated to any 
assigned degree of exac^tness, by the following 

RtTLE, 

For ^ohingf by approximatinttj m&thematidal questions in 
which the unknown quantities rise above the first power* 

Find, by trials two numbers as near the reqtiir-ed number 
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tis call cuiiveuiently be found; then, taking these for tlie two 
assumed numbers, proceed according to the foregoing Rule 
of Double Position, and a near approximation to the true 
answer will be obtained. If, on trial, the answer, thus ob- 
tained, should not prove to be sufiiciently exact, then, to 
approximate the required number still more nearly, assume 
•for a second operation, the answer found by the first, an^ 
that one of the first two assumed numbers which was near* 
' est the answer, or any other number that may be found 
nearer, and by proceeding as before an answer will be ob- 
tained more correct than the former. In this way, by re- 
peating the process as many times as may be necessary, 
the true answ;er may be obtained, or approximated to any 
degree of exactness required. Each process of approxi- 
mation will commonly double the number of correct figures 
in the answer ; that is, the answer obtained by each pro- 
cess will contain about 'twice as many correct figures as 
there are in each of the assumed numbers. 

This rule will serve for extracting the roots of numbef-s, 
and for resolving most kinds of compound algebraical 
equations. 

EXAMPLES. 

1. Required a number, to which if twice its square be 
•dded, the sum will be 100. Ans. 6.82542+ 

It ia easy to see that the required number must be be- 
tween 6 and 7. These numbers being assumed, therefore, 
the sum of and twice its square is 78, and the sum of 7 
and twice its square is 1Q5. Then, as 106 — 78 : 105 — 100 
:: 7 — 6 i..l8, the correction; which being taken from 7^ 
the remainder, 6.82, is the required niunber, nearly. To 
this number let twice its square be added, and the result is 
99.8448, which jp less than 100, the true result. 

In order to *ppro:jimate the required number still more 
nearly, let 6.82 and 7 be the assumed numbers, which give 
the results 99.8448 and 105 ; then, as 105—99.8448 : 105 
—100 :: 7-— 6.82 : .17458, the correction; which being 
taken from 7, the remainder is 6!.82542, the required num- 
ber tiiall more nearly ; and if the ojperation were repeated 
by takingf this and the former approximate answer for the 
assumed numbers, the required number trould be fc^imd 
true (or eight or nin^ figures. 
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2. Kequircd a number, to which if twice its square and 
three times its enbe be added, the sum will be 2000. 

Ans. a506744-f 

3. Required to find the eube root of 434 by approxima- 
tion. 

It is easily found, by trials, that the required root lies 
between 7 and 8. Assuming these two numbers, their re-' 
sult9, or cubes, are 3^ and 512. Then, as 512 — 343 : 
434-^343 :: 8—7 : .53, which being add ed to 7, gives 7.53 
for the root. The cube of 7.53 i« 426.957777, which being 
less than 434, shows that the required root exceeds 7.53* 
Then, in order to approximate the required root still more 
nearly, I take 7.53 and 7.54 for the assumed numbers, and 
proceed as before, and I get 7.5713 for the root ; the first 
four figures of which are correct, 

4. A butcher bought a certain number of oxen for $1000. 
If he had received 5 i^ore oxen for the same money, he 
would have paid $10 less for each. What was the number 
ef oxen? Ans. 20. 



ALLIGATION, 

Teaches how to compound, or mix together, several 
simples or ingredients, of different qualities or prices, so 
that^he composition may be of some intermediate quality 
or rate. It consists of two kinds, viz. Alligatien Medialy 
and Alligation Alternate. 

ALLIGATION MEDIAL, 

Is the method of finding the mean rate or quality of the 
composition, from having the quantities and the rates or 
qualities of the several simples given ; which is performed 
by the following ' 

RULK. 

As the sum of the several quantities :. 
. . Is to any part of the compositioH :: . > 
, .». So is their total value : 

T. &• value .f the %M part. ^^^^^ ^^e^oogle 



ALLIOATI0N ALTERNATE. 2M 

IBXAMPLBft. 

1. If ft gallons ef wine worth 67 centB a gallon, 7 if^lons 
worth 80 cents a gallon, and 5 gallons worth $1.20 a gallon, 
be mixed together, what will 2 gallons of the mixture be 
worth? 

Operation. 
, r, 6 gallons at 67 cents=$4.02 
7 do. at 80 do. =^ 5.60 
5 do; at 120 do. = 6.00 



18 gallons are worth $15.62 
Then, as 18gal. : 2gal. :: $15.62 : $1,735+ Ans. 
% A farmer mixed together 15 bushels of rye worth 64 
eents a bushel, 18 bushels of Indian corn worth 55 cents a 
bushel, and 21 bushels of oats worth 28 cents a bushel. I 
demand the ralue of a bushel of this mixture? 

Ans. 47 cents. 

3. A goldsmith melted together-6 oz. of gold of 22 carats 
fine, 4oz. of 21 carats fine, and 2 oz. of 18 carats fine : I 
demand the quality or fineness of the composition ? 

Ans. 21 carats fine. 

4. If 5 gallons of spirits at 50 cents a gallon, 2 gallons 
at $1 a gallon, and 3 gallons of water at a gallon, be 
mixed together^ what will a gallon of the mixture be worth? 

Ans. 45 cents. 

5. A gallon^of proof spirits weighs about 7.731b. Avoir- 
dupois, and a gallon of clear fresh water about 8.361b. If 
8 gallons of proof spirits, and 4 gallons of water should 
be mliEed together, what would be the weight of one gal- 
lon o( the mixture ? Ans. 7.d41b. 



ALLIGATION ALTERNATE, 

> 

Is the method of finding what quantities of any aumber 
.of simples, or ingredients, whose rates are given, will coq>- 
pose|i mixture of a given rate : So that it is the reverse ^f 
Alligation Medial, and may be proved by it. 
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CASE I. 

When the m(^an rate of the whole composition., or mixU/re^ 
and the rates of all the simples or ingredients are given^ 
without any limited quantity, to find the quantity of each 
ingredients 

RI/LE.* 

• 1. Reduce the several rates or rallies of the ingredients 
to the same denomination, when they are of different de- 
nominations ; then write them in a column under each 
other, and place the mean rate, or price, (reduced to the 
same denomination,) at the left hand. 

2. Consider which of the values of the ingredients arc 
g^r^ater than the mean rate, and which less ; and connect or 
link together, with a continued line, each greater value 
tvith 'one or more less, and each less with one or more 
greater. 

3. See wliat the difference is between the value of each 
ingredient and the mean rate, and set down that difference 
opposite taeach value with which such ingredient is con- 
nected. Then, if only one difference stands against any 
value, it will be the quantity belonging to that value ; but 
if more than one, their sum will be the quantity. 

Note, — Different modes of linking will produce as many 
different answers. 



* DcmoTw^raKon — When there are onty two simples; iheti, by con- 
necting the less rate with the greater, aud piaciog the diffdrences be^ 
fween them and the mean rate alternately, or one after the other in 
turn, the quantities resulting are such, that there is precisely as much 
gained by one quantity as is lost by the other, and therefore the gain and 
loss, upon the whole, are equal, and are exactly thtf'proposed rate. 
^ In like manner, let the iftlmber of simples be what it may, and with 
how many soever each one is linked, since it is always a less with a 
greater than the mean price, there wilt be. an equal balance of loss and 
gain between every two, and consequently an equal balance on the 
whole. Q. E. D. 

Questions of this sort admit of a great variety of answers ; for, after 
having found one answer by the above Rvile, we may find as many more 
as we please, by only multiplying or dividing each of the qti^nlities thus 
found, by 2, 3, 4, &c.; the reason of which is evident ; for, if two quan' 
tities, of two simples, make a tmlance of loss and gain, with respect lo 
the mean price, so must also the double or triple, the half or third parl> 
•r any other ratio of these quantities, and so on ad infmhm. . 



ALLIGATIPX AXTBRXATE. 293 

RXAMPLES. 

1. How ni4ich oats at 30 cents a buBhel, barley at42cts., 
Indian corn at 48cts., and rye at 56cts., must be mixed to<> 
f ether, so that the compound or mixture may be worth 46 
cents a bushel? 

Operation. ^ Proof. 

cts, bush. bush. cts. cts. 

fSO-^ 10 of oats. T 10 at 30=300 



cts 
46 -( 



42] 2 of barley. I « 2 at 42= 84 

48^ J 4 of corn. [^ 4 at 48=192 

56-—' 16 of ^-ye. J 16 at 66=896 

, — — . — cts. 

32 )1472(46 
Explanation. 

1. I first set down, in a column, 30 cents, the value of 
the oats, 42cts., that of the barley, 48cts., that of the corn, 
and 56 cts., that of the rye ; and at the left hand of these I 
«et down 46c ts., the mean price, or value of the mixture. 

2. I consider which values of the ingredients are greater, 
and which less than 46e., the value of the mixture, and 
connect them accordingly, each greater with one less, and 
\«ach less with one greater ; viz. 56, a greater, with 30, a 
less, and 48, a greater, with 42 a less. 

3. I see what the difference is between the value of each 
ingredient and the mean price ; and I find that the differ- 
ence between 46 and 30 is 16, which I set down opposite to 
56, the number with which 30 is connected ; the difference 
between 46 and 42 is 4« which I set down opposite to 48 ; 
the difference between 46 and 48 is 2, which I set down 
opposite to 42 ; and the difference between 46 and 56 is 10, 
which I set dowa opposite to 30. 

4. Now, as I have only one difference opposite to each 
value, these several differences are the quantities required ; 
that is, there must be 10 bushels of oats, 2 of barley, 4 of 
corn, and 16 of rye. 

1 prove the answer by Alligation MediaL 

Six more ani^ers to the foregoing question may be 
found, by as many different methods of connecting togeth** 
fif the values of the ingredients ; viz. as follows : — 
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C. 

46 



42-1 
j.48-! 
[66 



J 



bush. 

2 oats 1 ,^ 
10 bar. ! = 
16 corn | ^ 

4 rye J ©* 



[30- 
I 42 



c. bush. 
2+10=12 oatsl ^ 
10 =10 bar. ! « 
10 =16corn[^ 
16+ 4=20 rye J 



•T3 
CO 



L56— I- 
bush. 
10 =10 oats 
'2+10=12 barley 
4 =4 corn 
16+ 4=20 rye 

bush. 
2+10=12 oats 
2 =2 barley 
16+ 4=20 corn 
16 =16 rye 
bush. 
2 =2 oats 1 
2+ 10=12 barley Y. 
16+ 4=20 corn [ 
4 =4 rye J 
. bush. 
2+10=12 oats ^ 
2+10=12 barley 
16+ 4=20 corn 
16+ 4=20 rye 
These seven answers are all that can be found by differ- 
ent modes of linking ; but, by nftiltiplying or dividing the 
quantities in each of these answers, successively, by the 
numbers 2, 3, 4, d^c, we may find as many more answers 
as we please. Thus, by multiplying each of the quanti* 
ties in the 7th answer by 2, we have 24 bushels of oats, 24 
of barley, 40 of corn, and 40 of rye ; which is an answer 
that will satisfy the conditions of the question : And, by 
dividing each of the quantities in the 7th answer by 2, we 
get 6 bushels of oats, 6 of barley, 10 of corn, and 10 of rye ; 
which is another answer; and so on indefinitely. 

2. A man would mix two sorts of rum,*\dz. at 95 cents» 
and at ID. 10c. per gallon, \iath water atV per gallon, so 
that the mixture may be wprth 90 cents per gallon : HoA«r 
much of each must the mixture contiain ? . ^^^^\^ 
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> 7th Ans. 
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c. gal. : 

c» C 95 — , 90 of mm at 95cts. per gal. ^ 

90 ^ llOi 90 of rum at $1.10 do. V Ans. 

( Oi-i 5+20=25 of water. , ) 

3. A merchant w^ouldmix wines, at ID. 60c., ID. 80c., 
and at 2D. 20c. per gallon, so that the mixture may be 
worth $2 per gallon : what quantity of each sort must he 
take? ' 

Ans. 20 gallons at $1.60, 20gal. at $1.80, and 60 gal. at 
$2.20. 

4. A goldsmith has gold of 16, of IS, of 23, and of 24 
carats fine : what quantity of each must he melt together, 
to make a composition of 21 carats fine ? 

Ans. 31b. or 3oz. &c. of 16, 2 of 18, 3 of 23, and 5 of 24 
carats fine. — Six more answers may be found, by as many 
different modes of linking; each of which may be proved 
by Alligation Medial. 

5. How much sugar, at 6 cents, at 8c., and at 13c. per 
lb., must be mixed together, so that the composition may 
be worth 9c. per lb.? Ans. 41b. of each sort. 

CASE II. , 

When one of the ingredients is limited to a certain quan- 
tity, to find the several quantities of the rest, in proper- 
tion to the quantity given, 

RULE. 

First, find, as in Case I., the quantities of the several 
ingredients, as though they were all unlimited. Thei) say, 
as the quantity, thus found, of that ingredient whose quan- 
tity is given in the question : is to the given quantity of 
said ingredient :^so is the quantity of each of the other 
ingredients found by Case I. : to the quantity required of 
each. ^ 

Note, — In the same manner questions may be wrought 
when several of the ingredients are limited to certain quan- 
tities, by finding first for one limit, and then for another, 
&c. — In this Case and the next following one, difierent 
modes of linking the values of the ingredients together, 
will produce different answers; but we ^cannot find more 
' answers by multiplication |ind division, as in Case I. 
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' I 

KXAMPLES. 

1. A farmer would mix 20'bushel8 of rye, worth 65 cents 
a bushe], with Indian corn, worth 50 cents, and oats worth 
30 cents a bushel : how much com and oats must he mix 
with the 20 bushels of rye, so that the whole mixture may 
be worth 40 cents a bushel T 

Operation. 4 

c. bush. Here I find the quanti- 

c. C 65 — 10 =10 rye.* ties of the several ingre- 

40 < 50t I 10 =10 corn. dients by Case 1st, as tho* 

i 90LJ 25+10=35 oats. they were all unlimited. 

rr\.^^ »« iA . oA .. ^ 1^ bush, : 20 bush, of corn. ) ^^^ 
Then, as 10 : 20 :: j 35 ^^^^^ . ^^ ^^^j^ ^^ ^^^^ j Ans. 

Proof, by Alligation Medial, 

20 bush, of rye, at 65cts.=$13.00 

20 do. of corn, at 50cts.= lO.OO 

70 do. of oats, at 30cts.= 21.00 

$ 

110 110)44.00(.40 mean rate. 

2. How much gold of 15, of 17, and of 22 carats fine, 
must be mixed with 5oz. of 18 carats fine, so that the com- 
position may be 20 carats fine ? 

Ans. 5oz. of 15, 5oz. of 17, and 25oz. of 22 carats fine. 

3. A man being det^mined to mix 10 bushels of wh^at, 
worth 48 cents a bushel, with 'rye worth 36c., barley worth 
5J4c., and oats worth 12c. a bushel; I demand how much 
rye, barley, and oats, must be mixed with the 10 bushels of 
wheat, that the whole may be worth 28 cents a bushel ? 

1st Ans. 2i bush, of rye, 5 of barley, and 12]- of oats. 
2d Ans. 40 bush, of rye, 50 of bar., and 20 of oats. 
3d Ans. 8"bush. of rye, 10 of bar., and 14 of oats. 
4th Ans. 12^- bush, of rye, 5 of t)ar., and 17^of oatSi. 
5th Ans. 2 bush, of rye, 14 of bar., and 10 of oats. 
6th Ans. 50 bush, of rye, 70 of bar., and 20 of oats. 
7th Ans. 10 bushi of rye, 14 of bar., and 14 of oats. 

* If the question had limited the quantity of rye to 10 bushels, the quan- 
tities of corn and oats found by Case 1st, (vie, 10 btisbels of corn and 3$ 
bostiels of oats,) would have been tbe answer ; but, since the quantity 
pf rye is tote iK> bushels, it is evident that the quantities of corn and 
oats found by Case I9I, miist, ^verally, bo to the quantities required, as 
JU)lo20,6rMlto 2. ^ /I 

Digitized by VjOOQ IC 



AttlOATIOX ALTERNATE- 297" 

N. B. These seven answers aris^rom as many different 
Ways of linking the rates of the ingredients together, 

4. How much linen, at 2s. and at 2s. 5d. a yard, musf be 
taken with 140 yards at 3s. 4d. a yard, that the whole may 
be worth 2s, 6d. a yard, at an average ? 

Ans. 200 yards at 2s., and the same quantity at 2s. 5d* 
a yard. 

5. How much land, worth $40 per acre, must be added 
to a farm containing 50 acres, 2 roods, 20 sq. rods, worth 
$70 per acre, to make the average value of the whole 
$50 per acre ? Ans. 101 acres, 1 rood. 

CASE III. 

When the whole composition is limited to a given quantity ^ 
to find the quantity of each ingredient. 

^ RULE. 

First, find by Case I. the quantities of the several ingre- 
dients, as though they were all unlimited. Then say, as 
the sum. of all the quantities thus found : is to the given 
quantity :: so is the quantity of each ingredient thus found 
: to the quantity required of each. 

EXAMPLES 

1. How much gold of 15, 17, and 22 carats fine, must 
be mixed together, to form a composition of 42oz. of 20 
carats fine ? 

Operation^ 

C 15 , 2 oz. of 15 carats fine. 

20 ] 1.^] 2 oz. of 17 do. Here I find the 

^ 22 1 5-|-3=8 oz. of 22 do. proportional quan- 

— tities by Case I. 

12 oz. the sum.* 
Then, as 12 : 42 :: 2 oz. : 7 oz. of 15 carats fine. ^ 

12 : 42 :: 2 oz. : 7 oz. of 17 do. } Ans. 

12:42::8oz. :28oz.of 22 do. ) 

* If the qi]e3tion had limited (be whole composition to 12oz.,tbe quan- 
tities of the several ingredients found by Case Isf, would have been the 
ansM'er ; but since the composition is to consist of 42 oz. it is evident that 
the quantitv of each ingredient found by Case 1st, is to tbe quantity 
required of each i as 12 to 42. 
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.2. How much waterf f no value, and cider worth 20 cenf» 
per grallon, must be mixed together, to fill a vessel of 80 
gallons, that may be afforded at 18 cents per gallon ? 

Ans. 8 gallons of water, and Ti of cider. 

3. One of the votaries of Bacchus bo.ught a barrel of rum, 
containing 31^- gallons. After he had purchased the liquor, 
(which he bought for proof rudi,) he suspected that it con- 
tained too great a quantity of water; and knowing thiata 
gallon of proof rum weighs 7.731b. Avoirdupois, and a 
gallon of water 8»361b., he weighed the liquor, in order to 
find how much water it contained more than the usual pro- 
portion. The weight of the liquor he found to be 2521b. 
I demand how much water he bought for rum ? 

Ans. 13} gallons. 



SIMPLE INTEREST BY DECIMALS. 

la Interest jEve quantities are concerned, viz. the prin- 
cipaU the ratCj the time^ the interest^ and the amount ; and 
any three of these, except the principal^ the interest, and 
the amount, being given, the rest may be found. Hence, 
calculations ift interest admit of several problems. The 
most useful however, and consequently that which claims 
the greatest degree of attention, is that in which the 
principal, the time, and the rate are given, to find the inter- 
est, or amount. 

In Simple Interest by Decimals, the interest of $1 or 
LI for one year, at any proposed rate, expressed as the 
decimal of a dollar or pound, is called the RiUio ; and it is 
found by dividing the rate per cent, (or interest of 100 dol- 
lars or pounds for one year) by lid. Thus, if the rate per 
cent, be 6, the ratio is 6-?-100=.06 ; if the rate be 5 J^ or 
5.25, the ratio is5.25-4Tl00=.0525; dc^c. 

PftOBLEM I. — When the principal, time^ and rata per cent, 
are given, to find the interest and amount. 

Rule.* — Multiply the principal, ratio, and time, contin- 

* Tliifl ruie is a coDtraction of a process in tbe Double Riile of Tbree ; 
and (be reason of it may ba (bat illustrated. L9lj» represent any given 
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8IMPLK INTEREST BY DECIMALS. 299 

ually together, and the prodoct will be the interest ; iirhich 
add to the principal, and the sum will be the amount. 

Note. — When there are parts of a year in the given tfme» 
reduce them to the decimal of a year, and annex the decim* 
al to the number of whole years, if any. Also, when the 
given sum is pounds, shillings and pence, the parts of a 
pound must be reduced to the decimal of a pound. — ^This 
note must be attended to in all the su'bsequent problems in 
Simple Interest by Decimals. 

Example 1. Required the amount of $211.45, at Gper 
cent, per annum, for 5 years. . 

Here $211.45x.06x5=$63.435P, the interest. Then* 
•211.45+63.435=$274.885, the amount, Ans. 

2. What is the interest of $540, for 4 years, at 7per cent? 

Ans. $151.20 

3. Required the amount of $640, for 12 years and 9 
months, at 5^ per cent. Ans. $1088.80 

4. Required the amount of 537Z^ lOs. at 61, per cent, per 
annum, for 5 years. Ans* 6982. 15s. ^ 

Problem II. — To find the peincipal, when the amounU 
^ time^ and rate per cent, are given : Or^ to find the fris- 
^ XNT WORTH of a given sum at simple interest for any 
given time. 

RvLiB. — Multiply the ratio by the time, and aidd 1 to the 
product, for a divisor ; by which sum divide the amount^ 
or given «um, and the quotient will be the principal^ 
or present worth required.* 

Example 1. What principal will amount to $274,885 io 
5 years, at 6 per cent, per annum ? 

.06x5+1=1.30, and $274.885+1. 3=$21 1.46, Ans. 

2. What is the present worth of a debt of $691.20, due 

principal, t the time) r the ratio, or interest of f\ for one year, at the 
given rate, andi tbe iateresC of tho principal for the given time; then, 
by the Double Rule of Three; — 

rule * '^' 

The roles for the fol)o«ving problems in Simple Interest are also con* 
tractions in the Double Rule of Three, and maybe proved by it 

" This ru!6 is a contraction of the rule of Dist ouRt, given in page 'Mr 
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4 years hence, discounting at the rate of 7 per cent, per 
annum ? Ans. ?i540. 

3. What principal will amount to $1088.80 in 12J year^, 
at 5^- per cent, per annum? , Ans. $640. 

4. What principal will amount to 698Z. 15s. in .5 years, 
at 6 per cent. ? Ans. 537Z. 10s. 

Problem llh-Wken the amounts, principal, and time, are 
given, to find the rate per cent. 

Rule. — ^Sub tract the principal from the amount ; diride 
the remainder by the product of the principal and time, and 
the quotient will be the ratio ; which multiply by 100, and 
the product will be the rate per cent. 

Example 1. At what rate per' cent, per annum, will 
4^211.45 amount to $274,885, in 5 years ? 

Here $274.885— 211. 45=$63. 435, the interest. 

Then, ^^.435 ^ ^^ ^^^ ^^^^ ^^^ .06x100=0, the rate 
211.45x5 
per cent., Ans- 

2. At what rate per cent, will $540 amount to $691.20, 
in 4 years ? Ans. 7 per cent. 

3. At what rate per cent, will $600 amount to $856.50, 
in 9J- years? Ans. 4^- per cent. 

4. At what rate per cent, will 250Z. 10s. aniount to 400/. 
16s. in 10 years ? ' Ans. 6 per cent. 

PaoBLEJi IV. — Whefi the aw.ouni, principal, and rate per 
cent, are given, to find the time, 

RuLEr — ^Subtract the principal from the amount ; divide 
the remainder by the product of the principal and ratio, and 
the quotient will be the time. 

Ex. 1. In what time will $211.45 amount to $274,885, 
at 6 per cent, per annum ? 

Here ?!l:?tilll5= 5 years, Ans. 
211.45X.06 

2. In what time will $540 amount to $691.20, at 7 per 
cent.? / Ans. 4 ye^ra-v, 

3. In what time will $600 amount to $856.50, at 4J-or 
4.5 per cent.? Ans. 9^ years. 

* 4. In what time will 250i. 10s. amount to 400Z. 16s., at 
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EQUATION OF PAYMENTS BY DECIMALS. 

To find the equated time for the payment of $everal debts 
due at different times* 

Rule.— -Find, by Discount, the present worth of each 
debt, at the given or legal rate of interest : then find, by ' 
the Rule for Problem IV. in Simple Interest by Decimals, 
in what time, at the same rate, the sum of all the present 
worths, thus found, would amount to the sum of all the 
debts, and the result will be the time required.* ' 

- JEr. 1. There are $100 payable in 2 years, and $106 in 
6, years ^ what is the equated time for the payment of the - 
whole, allowing jsimple interest, at the rate of 6 per cent, 
per annum? 

'^ $ $ ^ V $ 

- 100s-(.06x2+l)^89.285+ Present worth of the <100 
106-^-(.06x6+l)=77.941+ Do. of the 106 

$167,326+ Do. of $206 

Then, ?2^?Z:??^=.3.8644+years,=3yr. iDmo. llda. 
167.226x.06 

+ Ans. 

In the foregoing example', iht present values of the 
debts are found by Prob. II. Simple Interest by Decimals, 
and then the time is found by Prob. IV. 

2. A debt of $1000 is to be paid, one-half in three years, 
and the other half in six years : what is the equaled lime 
for the payment of the whole, allowing Tper cent, interest ? > 

Ans. 4.3802+ years, or 4 years, 4 months, 16 days+ 

3. A owes B $200, whereof $40 are to be paid at tlie 
end of 3 months, $60 at 6 months, and $100 at 9 months : 
What is the equated time for the payment of the whole 
debt, allowing simple interest at the rate of 5 per cent, per 
annum? Ans* 6 months, 26 da. + 

. *^In this rule, ihd result depends on the present valaes of Ibe debts ; 
and U is evident (iiat ail such transactions and agreements sboiiid be reg- 
ulated in conforiniiy to ihe present value of tbe money, and tbe improve- 
inen{ of vvbicb it is susceptible. Tbis latter principle, wbicb is eutirfeiy 
lieglected in the use of (be common rule^ given in pR^e 199^ 4a act^d on 
in ihiSkia using thB rate of interest. ^ .. , 
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COMPOUND INTEREST BY DECIMALS. 

The ratio, in Compound' Interest, is the amount of $1 
or LI for one year ; and it is found by dividing the sum of 
100 and the rate per cent, bv 100. Thus, if the rate per 
c^nt. be 6, the ratio is (100+6)^100^1.06; and if the rate 
be bi, or 5.5, the ratio is 1.055, &c. 

Problem I. — When the principal, the rate of interest and 
the time are given, to find either the amount or interest. 

Rule. — 1. Raise the ratio to that power whose index is 
equal to the number of years : Or, in Table I., in the latter 
part of this Book, you will find the said power, under the 
given rate and opposite to the given number of years.* 

2. Multiply the power, thus found, by the principal or 
given sum, and the product will be the amount sought ; 
from which if you subtract the given principal, the remain- 
der will be the compound interest.t 

Example 1. What is the compound interest of $600 for 
3 years, at 6 per cent, per annum ? 

Here 1.06x1.06x1.06=1.191016, the 3d power of the 
ratio. Then, 81.191016x600=^$714.6096, the amount, and 
$714.6096— 600=$1 14.6096, the interest, Ans. 

In this example, the 3d power of the ratio is the amount 
of 81 for 3 years at 6 per cent., which may be found in 
Table I. ready calculated. 

* The amocirils of j(l or J^l in TaOie 1. are eo many powers of the 
Binounlof;^! or LI for one year; whose indices are the numbers of 
years. 

t The reason of this role may be shown thus : The amount of ^I for a 
year, at 6 per cent., is 510^>. atul, by Jhe nature of compound interest, 
thh amount i? the principal foi^ (he second year Then, as ^1 princip- 
al : $ t 06 principal :; ^1 06 amount : 51 06^ , or ^$^^1236, the amouot at 
the end of the second year, which is the principal for the third year. 
Then, as ^1 : 51.06 :: $\ 06'^ : ^i.OG^, the amount for the third year, 
belngthe pcincipal for the fourth year. By proceeding in thi« manner, 
it will be found that the amount of ^l* for any (;iven number of years, is 
equal to that power of the ratio, or amount for one year, which is de- 
noted by the nu«»ber of years. The amount of 51 being thns determin- 
ed, it is evident that the amount of any other principiil will be obtained 
by multiplying the amount of 5I by that principal. 

The reason of the rules for ihc other Problems in Compound Interest 
by Decimals, will easily appear from the foregoing illustration of the rula 
for Prob. I. 
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% Required the compound interest of $2000 for 3 5^ears> 
at 7 per cent. Ans. $450,086 

3* What will $50 amount to in 15 years, at 5 per cer\t. 
per annum, compound interest? 

The 15th power of $1.05, or the amount of $1 for 15 
years, is found by'Table I. to be $2.078928;- Which being 
multiplied by 50, gives $103.9464, the answer. 

Note 1. — When the interest is payable yearly, thea- 
mount of $1 for half a year will be the square root, for i^ 
part of a year the cube root, and for i part of a year the 
4th root, &c. of the amount for one year. Therefore, to 
find the amount of any given principal for any aliquot part 
of a year, extract such root of the ratio as is denoted by the 
said aliquot part; which root multiply by the given prin- 
cipal, aind the product will be the amount sought. When 
the given part of a year is not an aliquot part, separate it 
into two or more parts, one of which shall be an alicjuot 
part of a year, and the rest, either aliquot parts of a year 
or of one of the other parts; then extract roots out of the 
amount of $1 for one year, &c. answering to all these 
parts, and the continued product of these roots \^ill be the 
amount of $1 for the said parts of a year;* which beitig 
multiplied by the given principal, will give the amount 
required. In all ordinary cases, however, the amount for 
any part of a year may be found, sufficiently exact, by the 
rules for computing simple interest ; and this method is 
commonly practised. 

4. What will $40 amount to in 6 months, at 6 per cent, 
per annum, compound interest ? 

Here VI .06=1. 02956+ the amount of $1 for 6 months, 
atol $I.02956x40=$41 .1S24, the Ans. 

*VVe may, in any case, separate tbe ^iven time iulo as many parts or 
portions as we please, and find the amount of $\ for eacli of these parts, 
and tb'e noniinaed product of the several amounts, thus found, will be 
the amount of ^ I for the whole time. 

Tbe amount of any sum at compound interest may readily be found 
by the helpof a table of the common loeacithms of numbers ; viz. thus : 
ff thelre be parts of a year In the given time, reduce them to the decimal 
of a year; which annex to tbe number of whole years, if any: then 
mulciply the logarithm of tbe ratio by the time ; add to the product tbe 
logarithm ot the given principal, and the sura will be tbe logarithm at 
the required amount. Then, ihe natural number answering to (his log- 
ftFitbm, being found in Ihe table, will be the aniw^ftr^yGoOgle 



SO^l COMPOUND INTEREST BY DECIMALS. 

5. What will $500 amount to in 1 year and 4 months, 
or li years, at 5 per cent, per annum ? 

Here, the amount of $1 for 1 year is $1.05; its amount 
for 4 months is >^ 1,06=1 .016396+, and its amount fot I 
year and 4 months is $1.016396xl.05=$1.06721580. 

Then, $1.0672158x500=$533.6079, the Ans. 

Note 2. — When the interest is payable at intervals of 
time either longer or shorter than a year ; find, by Simple 
Interest, the amount of $.1 or L14br one of those periods 
of time, whidh call the ratio. Raise the ratio, thus found, 
to the power denoted by the number of the said periods, 
and the result multiplied by the given principal will give 
the amount sought. 

6. What will $100 amount to in 2 years, at the rate of 
3 per cent, per half-year ? 

Here the amount of $1 for half a year is $1.03, and its 
amount for 2 years, or 4 half-years, is $ 1. 03x1. 03x1. 03 X 
1.03=$1. 12550881. 

Then, $1.12550881xl00=$l 12.55+, the Ans. 

7. What will a principal of $500 amount to in 6 years, 
at 10 per cent, for every two years? Ans. $665.50 

]pR0BLEM XL — To find the principal, when the amount, 
time, and rate per cent, are given : Or, to find the pres- 
ent WORTH of any given sum at compound interest, for 
a given time. ^ 

Rule. — Divide the amount, or given sum, by the amount 
of $1 or LI for the given time, (found by Prob. I.,) and the 
quotient will be tlie principal, or present worth required. 

Ex. 1. What sum must be lent at compound interest, at 
6 per cent, per annum, at the birth of a child, so that the 
amount may be $3000 when the child shall be 21 years old?. 

I find, by Table I. that the amount of $1 for 21 years* 
at 5 per cent., is $2.785963. 

Then, $3000-^-2.785963=$ 1076.82+, the Ans. 

2. What principal will amount to $757.486176 in 4 
years, at 6 per cent, per annum ? Ans. $600. 

3. What is the present worth of a debt of $2450.086 
due three years hence, discounting at the rate of 7 per cent, 
per annum, compound interest ? Ans. $8 
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Problem III. — To find the rate per cent, when the amount^ 
principal and time are given. . 

Rule. — Divide the given amount by the principal, and 
the quotient will be the amount of $1 for the given time, or 
the power of the ratio denoted by the time. Then extract 
such root of this power as is denoted by the number of 
years, or periods of time at which the interest is payable, 
and the result will be the ratio ; from which the rate per 
centl may be easily found. 

.Or, having found the amount of $1 as directed above, 
look for it in Table I. in a line with the given time, and . 
over the said amount, at the top of the column, you will 
find the rate per cent. 

Ex, 1. At what rate per cent, per annum will $600 
amount to $757.480170, in 4 years? 

Here $757,486 176h-000-$ 1.20247690, the 4th power of 
the ratio, or the amount of $1 for 4 years, «it the required 
rate. Then, |>^ 1.20247090= 1.00, the ratio, or amount of 
$1 for 1 year. Hence the rate per cent, is 0, Ans. 

Or, in Table I. in aline with 4 years is 1.202477, the 
amount of $1 for the said time, and at the top of the column 
is per cent., the Ans. 

2. At what rate per cent, per annum will $400 amount 
to $463.05, in three years ? Ans. 5 per cent. 

Problem IV. — T/ic amount, principal, and rate per cent, 
being givcn^ to find the time * 

Rule. — ^Divide the given amount by the principal, and 
tlie quotient will be that power of the ratio denoted by the 
number of years. Then divide the power, thus found, by 
the ratio, and the quotient again by the same, and so on 
till the quotient is a unit, and the number of these divis- 
ions by the ratio will be equal to the time sought. 

Or, divide the amount by the principal, and then find the 
quotient in Table I. under the given rate, and in a line with 
it in the, left hand column you will find the time. 

_ . — i 

* Questions dftbisnalope may be easily solved by logarithms, as fol- 
lows : From the lo«ariUiin of (he given amount sbblract the logarithm j 
of the principal ; divide the remainder by the logarithm of the ratio, and 
the quotient will be the time required. J 
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Ex* 1. Itt what time will $400 amount te $463.05, at 5 
per cent, per annum? 

Here 463.05+400=1. 157625=the power of the rado 

(1.06) denoted by the number of years. Then, 1.157625 

^-♦.1.06=1.1025, and 1.1025-^1.05=1.05, and 1.05+1.05=1. 

Here the number of the divisions is 3, and therefore the time 

16 3 years, Ans. . 

Or^ by TMe I. — ^Under 5 per cent., in a lin€ with '3 
years, is 1.157625, the quotient found by dividing the given 
amount by the principal ; and hence the time is 3 years, as 
before. 

2. In what time will $600 amount to $757.486176, at 6 
per cent.? Ans. 4 years* 



ANNUITIES, OR PENSIONS, &c. 

An Annuity is a sum of money payable yearly, either 
for a certain number of years, or during the life of the 
pensioner, or forever. 

An annuity which is^to continue forever, is called a Per- 
petuity, 

Annuities are said to be certain, when they are to be 
continued either for some specified time or forever ; and 
contingent, when their continuance depends on some con- 
tingency, as the life or death of some pers^on, &c. 
* Sometimes annuities are not to commence till a certain 
time has elapsed, and the annuities are then said to be in 
reversion. 

When the debtor keeps the annuity in bis own hands, 
beyond the time of payment, it is said to be in arrears. 

The i&um of all the annuities remaining unpaid, together 
"with the interest on each, for the time they have been due, 
is called the amount. 

The present worth of an annuity, is such a sum as being 
put at interest, would exactly pay the annuity as it be- 
comes due. 

ANNUITIES AT SIMPLE INTEREST. 

Paoblsm I. — To find the amount of any annuity or ptn^ 
stop, in arrears, at simple interest, .: 
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ANNUITIES AT SIMPLE INTEREST. 307 

RuLK. — h Multiply the interest of the annnity for on» 
year by the sum of the natural series 1, 2, 3, 4, &c. to the 
number of years less 1,* and the product will be the whole 
interest due. 

2. Multiply the annuity by the number of years given ; 
add the product to the whole interest due, and the sum 
will be the amount sought.f 

Ex, 1. What is the amount of an annual pension of 
$100; which has remained unpaid 4 years, allowing 5 per 
cenf. simple interest ? 

Hdre the interest of the annuity for one year is $5, and 
l+2+3=6=thesum of the natural series of numbers ex- 
tended to the number of years less 1. Then, 
$ 5x6= 30 the whole interest. 
$100x4=400 prod, of the annuity and time. 

Ans. $430 *the amount. 

2. If a yearly rent of $250 remain unpaid 7 years, what 
will then be due, allowing 6 per cent, simple interest I 

Ans. $2065. 
Note, — If half of the annuity be payable half-yearly, or 
one-fourth part of it quarterly, &c.; then, for half-yearly 
payments, take half of the annuity, half of the rate per 
cent, per annum, and twice the number of years; and for 
quarterly payments, take a fourth part of the annuity, a 
fourth part of the rate per cent., and four times Ae num- 
ber of years, &c., and then proceed according to< the fore- 
going Rule. 

3. If an annuity of $100, payable half of it half-yearlyt 
remain unpaid 4 years ; what is the amount, allowing sim- 
ple interest at the rate of 5 per cent, per annum? 

* The suca ot ihis '■eries may be found by mulliplyitig tb6 oamber of 
years less 1, by half the given nnmber of years^ 

t It is fildin ibat upon (he first year's annuity there will be doe so many 
years* interesl as Ihe given number of years less 1* and gradually one 
year less upon each succeeding year, to' that preceding Ibe last, which 
has but one year's interest, and the last bears none. There is, iherefora, 
doe in (he whole as many years' interest on the annuity as tbesum of the 
series 1,2, 3, &c. to the number of years diminished 1. It is eTident 
then, that the whole interest due must be equal to the interest for one 
year multiplied by the sam of the said series; and tb&t the amoont will 
he foand by adding the whole interest to all the annuitieti (bat it, to the 
product of the annuity and lime ; which is the RaleW^OOglc 



30B ANI*0ITIBS AT SIMPLE INTEREST, 

Here 1+2+3+4+5+6+7=^28, the sum of the natural 
fieri es of numbers extended to the number of half-years 
lessl; and $60x.026=$1.25, the interest of half of the 
annuity for haU* of a year. Then, 

$1.25X28= 35 the whole interest dud. 

9 50x 8=400 prod, of half of the annuity and the no. 

of half-years. 

Ans. $435 amount. 

4. If a pension of $100, payable one-fourth part each 
quarter of a year, be forborne 4 years, what will be the 
amount, allowing 5 per cent, simple interest ? 

Ans. $437.50 

It may be seen, by comparing the 1st, 3d and 4th exam- 
ples, that the more frequently the payments are to be made, 
the greater the amount is. 

Problem II. — To find the present worth of an annuity at 
simple interest. 

Rule. — Find, as in Discount, the present worth of each 
payment by itself, allowing discount to the time when it 
will become due, and the sum of all the present worth s^ 
thus found, will be the answer.* 

Ex. 1. What is the present worth of a yearly pension 
of $80, to be continued three years, at 6 per cejit. per an- 
num, simple interest ? [pension. 
(75.471, pres. worth of the 1st year's 
: 80 :: 100 ; ^ 71.428, do. of the 2d do. 
f 67.796, do. of the 3d do. 



106) 
112 \ : 
118> 



Ans. $214,695+ do. of the whole. 

2. What is the present worth of an annuity of $150, to be 
continued 2 years, at 5 per cent, per annum ? 

Ans. $279.22+ 
Note. — The same thing is to be observed as iri the first 
Problem in Annuities, concerning half-yearly and quarter- 
ly payments. 

3. What is the present worth of a pension of $150, pay- 

" Tbe several aannilies, or payments, may be considered as so many 
debts, due 1, 2, 3, &.c. years bence, of which <he present worths are to 
be fonnd Hence (he sum of the present worths of all the auouittes 
must be Ifae whole present worth required. . Denized byGoOglc 
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able half each half-year, for 2 years, at 5 per c6lit. per 
annum? Ans. $282,646+ 

4. What is the present worth of a pension of $150, pay- 
able one-fourth part each quarter of a^year, for 2 yearB^ at . 
5 per cent, per annum ? Ans* $284,229+ 

By comparing the three last examples, ij; will be seen 
that the present worth of half-yearly payments is more 
advantageous than yearly ; and quarterly, than half yearly. 



ANNUITIES AT COMPOUND INTEREST. 

Problem I. — To find the amount of any annuity or pen- 
sion in arrears, at Compound Interest, 

Rule. — 1. Make 1 the first term' of a geometrical pro- 
gression, and the amount of $1 or LI for one year, at the 
given rate per cent., the ratio. 

2. Carry on the series up to as many terms as the given 
number of y^ars, and find its sum. 

3. The sum, thus found, will be the'amount of an annuity 
of $1 or LI for the given time; which multiply by the given 
annuity, and the product will be the amount sought. 

Or, by Table II.* — Multiply the tabular number, found 
nndef the rate and. opposite to the time, by the annuity, 
and the product will be the amount required. 

Ex, 1. If a yearly pension of $75, be forborne, or re- 
main unpaid, 4 years, what will it amount to, allowing com- 
pound interest at the rate of 6 per cent, per annum? 

Here $l+i.06+1.1236+1.191016=$4.374616, the sum 
of the progression, being the amount of an annuityjof $1 
for 4 vears, at 6 per cent. 

Then, $4.3746 16x75=$328.0962, Ans. 

Or, bj/ Table II. thus: Under 6 per cent and opposite 
^0 4 years is 4.37461P, the amount of $1 annuity for the 

*Tftblell. is calculated thus 1 For 6 per cent, take tbe firat year's 
amount, which is 3fl, multiply it hy 1.06, ((he ratio,) and the product 
increased by 1, is 2.06, the second year's amount ; which also multiply 
by 1.06, and the product, plus 1, is the third year's amooat, &c. And ia 
ibis manner proceed in calculating (he amount! |tj|ll(er^i^iraj^ 
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said time ; which being multiplied by 75, gives $328.0962 
for the answer, as before. 

2. If a person rent a farm at #120 per year, pa3'able. 
yearly, and forbear "paying rent for 5 years ; how much 
will he owe to the proprietor at the end of that time, al- 
lowing him compound interest at 5 per cent, per annum ? 

Ans. $663.075+ 
Note, — When the payments are not to be made yearly; 
then, instead of the amount of $1 for a year, use its amount 
for the interval between the payments ; and instead of the 
number of years, use the number of payments that would 
have been madfe dming the time they were remitted, and 
tlien proceed as before. — This note must also be attended 
to in the subsequent problems in Annuities at Compound 
Interest. 

3. If a pension of $100, payable half each half-year, be 
forborne 2 years, what will it amount to, at 6 per cent per 
annum, compound interest? 

Here the ratio, or amount of $1 far half a year, is Vl.06 
=1.02956+; and the amount of $1 annuity for 4 half-years 
is $1+1 .02956+1 .06+1 .0913336=$4. 1S08936. 

Then, $4. 1808936xl00=$41 8.08936, the Ans. 

4. Let every thing be the same as in the last example, 
except that compound interest is allowed at the rate of 3 
per cent per half-year, instead of 6 per cent per year. 

In this case the amount of $1 for half a year is $1.03; 
the amount of $1 annuity for 4 half years is $1+1.03+ 
1.0609+1.092727=$4.I83627; and the required amount is 
$4.183627xl00=$418.3627, Ans. 

Problem II. — To find the present worth of annuities, at 
compound interest. 

Rule. — Divide the annuity by that power of the ratio 
signified by the number of years, and subtract the quotient 
from the annuity ; then divide the remainder by tHe ratio 
less 1, and the quotient will be the present value of the 
annuity. 
. Or, by Table III.*-i-Multiply the tabular number, found 

* Table III. is made thus: $1-!.1.06==.943396, the pres*' 
ent worth of the first vear; then, .943396-^1. 0i6=.889996, 

^ 'igitized by VjOOQ IC 
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under the rate and opposite to the time, by the annuity^ 
and the product will be the present worth required. 

Ex, 1. What ready money will purchase an annuity of 
$150, to continue 4 years, at per cent, per annum, com- . 
pound interest? , ( 

. 4th power of 1.06;^1. 2!6247696)15Q( 118.81404+ 
Then, from »160 

subtract 118.81404 



Divisor, 1.0^— 1=.06) 31.18596 

Ans. f 519.766— 
Or, hy Table III.: Under 6 per cent, and opposite to 4 
years is 3.465105, which being multiplied into $159, gives 
$519.76575, for the answer. 

2. Required the present value of a house, held on a lease, 
of which three years are unexpired, and bringing a profit 
rent of $200 per annum, payable yearly, compound interest 
being allowed at 5 per cent. Ans. $544,649+ 

3. Let every thing be as in the last question, except that 
the annuity is payable half each half year, instead of the 
whole yearly. 

Here, the number of half years is 6 ; and the ratio, or 
amount of $1 for half a year, is V1.05=1.0?469507+, the 
6th power of which (=the 3d power of 1.05) is 1.157625. 
Then, $ 1 00-*- 1. 157625-86.3837598+, and 

$100-86.3837 598 3,^ the Ans. 

1.02469507—1 

Problem III. — T'o find the present worth of Annuities, 
^Leases,, iSfC.j tak&n in Renersion, at Compound Interest. 

Rule.— -Find, by the rule for Prob. II., the present 
worth of the anituity for the time of its continuance, as if it 
were to commence immediately ; then divide the present 

which, added to the first year's present worth, is=1.833- 
392, the second year's present worth; then, .889996-J-1.06 
=.839619, which being added to the second year's pres- 
ent worth, gives 2.673011, for the third year's present 
worth, &.C. 

Digitized by VjOOQIC 
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valnei thus found, by that power of the ratio denoted by the 
time of reversion, (or the lime to come before the annuity 
commences,) and the quotient will be the present worth of 
the annuity in reversion. 

Or, by Table III. — Find the present value ofan'ajinuity 
of $1, at the given rat8, for th€ sum of the time of contin- 
uance and time -in reversion added together; from which 
value subtract the present worth of an annuity of $1 for the 
lime in reversion 5 multiply the remainder by the giv^n 
annuity, and the product will be the answer required. 

Ex, 1. What is the present Worth of an annuity of $160| 
payable yearly, for 4 years ; but not to commence till 2 
years, at 6 per cent, per annum, compound interest ? 

4th pow. of 1.00=1.26247696)150.00000(118.81404+ 
Subtract the quotient,=l 18.81404 



Divide by 1.00— 1=.06) 31.18596 

2d power of 1. 06=1. 'l 236)^1 9.766(462.58+ Ans. 

Or, by Table HI. thus : Under 6 per cent, and opposite 
to 6 years, (the sum of the time of continuance and time 
o^f rieversioh,) is 4.917324; and opposite to 2 years, (the 
time of reversion,) is 1.833392: Then, 4.917324—1.833- 
392=3.083932, the presentworth of $1 annuity, in rever- 
sion ; which being multiplied into $150, gives 8462.5898 
for the answer. 

2i A father leaves to his eldest child for 8 years a profit 
rent of $400 per annum, payable yearly, and the reversion 
of it for the 12 years succeeding, to his second child. What 
is the difference between the present values of these two 
legacies, and which is worth the most, allowing compound 
interest on each, at the rate of 6 per cent, per annum? 

Ans. l^he eldest child's portion is worth the most by 
$379,866+ 
Problem IV. — To find the present worth of a Freehold 

Estate, or an annuity to continue forever, at compound 

interest. 

Rule. — Subtract a unit from the' amount of $1 for a 
year, or for the interval between the payments ; divide the 
annuity or yearly rent by the remainder, thus found, and 
the quotient will be the present value rcquirerfCjOOgle 
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Or, as the given rajte per cent* : is to the annuity or 
yearly rent :: so is 8100 : to the valu€ required. 

Ex. 1. What is the worth of a freehold estate which 
brings in $180 yearly, allowing 6 per cent, to the purchaser? 
Here 1.06— 1=.06, and $1804-.06=$3000 Ans. 
Or, as $6 : $180 :: $100 : $3000, the Ans. 

2. What is the present worth of an annuity of $200, to 
continue forever, discounting at the rate of 5 per cent.? 

Ans. $4000. 

3. What is the present value of a perpetuity of $150 per 
annum, payable each half of it half-yearly, discounting at 
the rate of 6 per cent, per annum ? 

Here VI. 06-1. 02956301 +, the amount of $1 for half a 
year ; from which subtracting 1, there remains .02956301* 
Then, $75h-.02956301 =$2536.95+ Ans. 

Note. — To find what perpetuity can be purchased for a 
given sum, say, as $100 : is to the given sum :: so is the 
rate per cent. : to the perpetuity or yearly rent required. 

Problem V. — To find the present worth of a Freehold Es' 
tate, or Perpetuity, in Reversion, at compound interest. 

Rule. — Find, (by Prob. IV.,) the present value of the 
estate, as though it were to be entered on imrhediately ; 
which value divide by that power of the ratio, (or amount 
of $1,) denoted by the time of reversion, and the quotient 
will be^e present worth of the estate in reversion. 
' Or, hy Table HI.— -Find, (as in Prob. II.,) the present 
worth of the^annuity, or rent, for the time of reversion ; 
which subtract fjjom the value of the immediate possession, 
(found by Prob. IV.,) and the remainder will be the value 
of the estate in reversion. 

Ex. 1. If a freehold estate of $250 per annum, to com- 
mence 2 years hence, be for sale, what is it worth, allowing 
the purchaser 5 per cent, per annum ? 

First, As 5 : 250 :: $100 : $5000, the valuc.of the im- 
mediate possession. 

Thenj 1.05x1.05=1.1025, the 2d power of the ratio, 
and $5000-^1. 1025=$4536.147+, the ans. 

Or, by Table III. thus : The present worth of $1 annu- 
ity for 2 years at 5 per cent, is $1.85941, and $L85941X 

A a Digitized by ijOOgle 
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250=$464.86250=the present worth of the annuity for the 
time of reversion. ^ Then, $5000— 464. 8526rrf4535. 1475, 
the ans. 

2. What is the present worth of a perpetuity of $240 
per annum, to commence 4 years hence, discounting at 
the rate of 6 per cent, per annum? Ans. $3168.374+ 

3. A man has left to his two sons, A and B, an estate 
which will yield $100 a year forever. A is to enter upon 
it immediately, and have the use of it 15 years; After 
which B is to have it forever. Whose portion is the moat 
valuable, and how much the most, discounting at the rate 
of 5 per cent, per annum, compound interest ? 

Ans. A's pdrtion is the most valuable by $76,931 
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or IS 



DEFINITIONS. 

1. A point is that which has position, but not magnitude. 

2. A line is length, without breadth or thickness. 

3. A surface or superficies, is an extension or a figure, 
of two dimensions, viz. length and breadth ; but it is not 
considered as having thickness. 

4. A solid or body, has three dimensions, viz. length, 
breadth and thickness. ^ 

5. A plane figure which has three straight sioes, 
bounded by three right lines, is called a triangle. 

6. A right angled* tria/nglehdis 
two of its sides perpendicular to 
each other. The longest side of 
any right angled triangle is com- 
monly called the hypothenuse ; the 
next longest side the base, and the 
shortest side the perpendicular. 

Base. 

* An angU is the inclination or opening of two lines, having different 
directions, and meeting in a point. Thus, in the above right angled tri- 
angle ABC, an »Aigle is formed by the nfieeting of the two lines B A 
and C A at A. Every angle is measured by the arch of n circle suppos- 
ed to be desttribcd about the angular point M a centra ; the quantity of 
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7. Triangles which are not right angled, are, in generaJ, 
called oblique angled triangles^ or simply oblique trian- 
gles. The longest side of an oblique triangle is common- 
ly called the base, and the other two sides the legs,* 

8. A figure that Is bounded by four straight lines,-.or 
sides, is called a quadrangle, or a quadrilateral, 

9. A parallelogram is a quadrilateral which has both its 
pairs of opposite sides parallel ; and it takes the following 
particular names, from the relations of its sides and angles, 
viz. rectangle, square, rhombus, and rhomboid, 

10. A rectangle is a right angied parallelogram ; erery 
two of its adjoining sides being perpendicular to each other. 
A rectangle is either oblong or square, ^ 

11. An o5Zo»g- reef an^Ze, (improper- 
ly called a long square,) is a rectangle 
whose length exceeds the breadth. 



12. A square is a rectangle whose four sides are all. 
equal. 

13. A rAomiofd is an oblique-angled . / 7 , 
parallelogram. / / 

14. A rhombus is a rhomboid whose four tides are all 
equal. 

15. A trapezium is a quadrilateral, whose opposite sides 
are not equal nor parallel. 

tlia angle beiog reckoned ao many degrees, or minutest &c. as are cut off 
from (be circle by the two lines which form (be angle. Au angle^ of 90 • 
degrees, is called a right angle; one which is les'8 than 90 degrees, is called 
an acuie angle ; and one which is greater than 90 degrees, is said to be 
obtuse.—ln every triangle, (be sum of the three angles is equal to two 
right angles, or 180 degrees. 

Right angled triangles are so called because the angle inchided between 
the base and perpendicular is a right angle. — The other two angles of 
any right angled triangle, whose three sides are known, may be readity 
found, (when necessary,) to a great deeree of accuracy, as follows ; viz. 
As the sum of the hypoihenuse and half the longer of the other (wo sides 
: is to the shortest side :: so is 86 degrees : to the angle opposite to the 
.shortest side; which being subtracted from 90 degrees, wiUleave the 
other angle sought 

* The base of any triangle, or parallelogram, is the side upon which 
the figure is supposed to stand; and a perpendicular line fall inc; on (he 
liase from (he opposite angle, is called (he allitude or height of (he figure. 
Any side of a triangle may be considered the base^ and ^be other two 
sides the legs. / rs^n\r> 

° Digitized by VjOOQIC 



316 MENSUnATION OP PLANE SURFACES. 

16. A trapezoid is a quadrilateral which has two of its 
opposite sides parallel, but of unequal lengths. 

17. A straight line connecting any two opposite angles 
or corners of a quadrilateral figure, is called a diagonaL 

18. Plane figures which have more than four sides, are, 
in general, called polygons ; and they receive other par- 
ticular names, according to the number of their sides. 
Thus, a pentagon is a polygon of five sides ; a hexigon, of 
six sides ; a heptagon^ of seven sides, &c. 

19. A figure which is bounded by straight lines, is called 
a regular figure when all its sides are equal and all the 
angles equal. When the sides and angles are not all equ^l, 
the figure is said to be irregular, 

30. A circle is a plain figure bounded 
by one curve line, called the circumfer- 
ence or periphery, every part of which 
ifi equally distant from a certain point 
within the circle, called the centre. The 
diameter of a circle is a straight line drawn through the 
centre, and terminated both ways by the circumference. 

21. An ellipse, or ellipsis, is an oval . 
figure, resembling a circle, only the 
length exceeds the breadth. The long- 
est diameter of an ellipse is called the 
tranv^rse diameter, and the shortest the 
conjugate diameter. These two diameters cross ea ch other, 
at right angles, in the centre of the ellipse, and each of 
them divides the ellipse into two equal parts. 





MENSURATION OF PLANE SURFACES. 

The area or superficial content oi any plane figure, is 
the measure of the space contained within its extreme 
bounds ; without any regard to thickness. This area is 
estimated by the number of little squares it contains, or is 
equal to ; — the side of each of these little measuring squares 
being an inch, a foot, a yard, or any other fixed quantity : 
And hence the area is said to be so many square inches, ot 
square feet, or square yards, &c. 
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Problem I. — To find the area of any Parallelogram 
whether it he an Ohlong, a Square, a Rhomboid, or a 
Rhombufi, 

Rule.— Multiply the length by the perpendicular breadth, 
or height, and the product will be the area. 

Note 1 . — Siiiee the length and breadth of a square are 
equal, the area^ is evidently equal to the square of one of 
the equal sides. 

Note 2. — In finding the contents of superficies, the area 
will always be of the same name as the dimensions used 
for finding the same ; that is, if the dimensions he feet, the 
area will be square feet; or, if the dimensions be yardSf 
then the area will be square yards, 6lc. 

Example 1. Required the area of a tract of land in 
form of a parallelogram, whose length is 100 rods, and 
breadth 80 rods. 

100x80=8000 sq. rods, and 8000-*- 160=50 acres, Ans. 

2. Required the area of a square piece of ground whose 
side measures 20 chains. 

20x20=400 sq. chains, and 400-1-10=40 acres, Ans. 

3. How many square yards are contained in a rhombus 
whose side i» 15 feet, and perpendicular breadth 12 feet? 

Ans. 20 sq. yd. 

Problem II. — Any two sides of a tight angled triangle 
being given, tafijnd the other side. 

Rule.* — 1. When the base and perpendicular are giv- 
en; square each side separately, and the square root, of the 
sum of these squares will be the length of the hypothec 
nuse. 

2. When the hypothenuse and either of the two other 
sides are given ; then the square root of the difference of 
the squares of the two given sides will be the other side 
required. 

Ex* 1. — Required the hypothenuse of a right angled 
triangle whose base is 4 chains, and perpendicular 3 chains. 
^4x4+3x3=16+9=25, and v/25=5 chains, Ans. 

*The square of the hypothenuse, or longest side of any right angled 
triangle, is equal to the sum of the squares of the two other sidesv whence 
<ii« reasoQ of the above rule is evident. ogtzed byLiOOQIC 
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% If the hypothcnuse of a right angled triangle be Id 
rods, and one of the other sides Q rods, what is the remain- 
ing side? Ans. 8 rods. 

Problem III. — To find the area of a right angled triangle. 

Rule. — Multiply the length of the base by the perpen- 
dicular, and half of the product will be the area sought : 
Or, multiply one of these dimensions by half of the other, 
and the product will be the area. 

Ex, What is the area of a right angled triangle whose 
base measures 14 rods, and the perpendicular b rods ? 

Here 14x5=70, and 70-f-2=:35sq. rods, Ans. 
Or, 7x5=35 sq. rods, the answer, as before. 

Problem IV. — To find the area of any oblique-angled tri- 
angle* 

Rule. — 1. When the base and the perpendicular height 
of the triangle are known, proceed as in Problem III. 

2. When the three sides of the triangle are given, the 
area may be found as follows : From half the sum of the 
three sides subtract each side separately ; then multiply 
the said half sum and the three remainders continually to- 
gether, and the square root of the product will be the 
area of the triangle. 

Ex: 1. What is the area of a triangle whpse base is 15 
feet, and perpendicular height 8 feet ? 

Here 15x4=60 sq. feet, Ans. 

2. Required the area of an oblique triangle whose sides 
are 20, 30, and 40 rods. 

Here 20+30+40=90 rods, the sum of the sides, the half 
of which is 45 rods. Then, subtracting each side from 45, 
the remainders are 25, 15 and 5. Then, 45x25x15x5= 
84375, and V84375=290.47+ sq. rods, Ans. 

3. How many acres are contained in a triangle whose 
sides are 30, 40, and 60 rods? Ans. 3 J A. 

Problem Y, — To find the area of a Trapezoid. 

Rule. — Multiply half the sum of the two parallel sides 
by the perpendicular distance between them, and the pro* 
duct will be the area, • ogtzed by Google 
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Ex. How many square feet are contained in a board 
\?hich is 12 feet 6 inches long, 15 inches wide at the great- 
er end, and 11 inches wide at the less end ? 

Here (15+11)^2^13 inches, the mean width; and 12ft. 
6in*=150 inches, the length. Then, 150x13=1950 sq. in. 
=13^ sq. feet, Ans. 

Problem VI, — To find the area of* any Trapezium. ' 

Rule. — Divide the trapezium into two triangles by a 
diagonal ; then find the areas of these triangles, and add 
them together for the whole area. 

Or thus : Let fall two perpendiculars on the diagonal 
from the other two opposite angles ; then multiply the sum 
of these two perpendiculars by the diagonal, end half of 
the product will be the area of the trapezium. 

JSi. 1. To find the area of a trapezium whose diagonal 
is 42 chains, and the two perpendiculars on it, 16 and 18 
chains. 

Here 16+18=34, the sum of the two perpendiculars. 
Then, 42x34=^1428, and 1428-*-2=714 sq. chains, Ans. 

2. A certain tract of land, in form of a trapezium, con- 
sists of two triangles — the s^des of one triangle are 30, 40, 
and 50 rods ; and the sides of the other, ^^ 37, and 50 
rods. Required the^rea of the tract. 

^ Ans. 7 acres, 11.57+ sq. rods. 

Problem VH. — To find the area of a Regular Polygon, 

Rule I. — Multiply together the length of one side, the 
number of sides, and the length of a perpendicular drawn 
from the centre of the figure to the middle of one of its 
sides, and half of the last product will be the area sought. 

Ex 1. To find the area of a regular pentagon, each of the 
5 sides being 25 feet, and the perpendicular from the cen- 
tre on each side 17.2048 feet. 

Here 17.2048x5x25=2150.6000 

And 2150.6^2=1075.3sq.fcet, Ans. 

Rule H.*— Square one of the sides of the polygon ; then 
multiply that square by the multiplier set against the name 

*Thi6 rale depends on tbe priociple, that rimUarfiptres are to each oth- 
'tr as the squares of their like sides. The maltipliera in tbe table are tbe 
areas of tbe respective figures to the side 1. Whence the rule U manifett. 
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of the figure iu the following table, and the product will 
be the areh. 



No. of 
sides. 


Names. 


Multi- 
pliers. 


No. of 
sides. 


Names. 


Multi- 
pliers. 


3 
4 
5 
6 

7 


Trigon* 

Tetragon* 

Pentagon 

Hexagon 

Heptietgon 


.43301 
1. . 
1.72048 
2.59808 
3.63391 


8 

9 
10 
11 
12- 


Octagon . 

Nonagon 

Decagon 

Undecagon 

Duodecagon 


4.82843 
6.18182 
7.69421 
9.36564 
11.19615 



Taking here the same example as before, viz. a penta- 
gon, whose side is 25 feet: Then, 25x25=625; and the 
multiplier for a pentagon being 1.72048, we have 1.72048 
X625=1075.3 sq. feet, the area, as before. 

2. What is the area of a trigon, or an equilateral trian- 
gle, whose side is 20 rods ? Ans. 173.204 sq. rods. 

3. What is the area of a hexagon whose side is 5 yards ? 

Ans. 64.952 sq. yards. 

Problem VIII. — To find the area of an Irregular Pol- 
ygon. 

Rule.— Divide the polygon (ar suppose it to be divided) 
into triangles, by diagonal lines. Then fmd the areas of 
all the triangles, separately, and the suni of these areas 
will be the area of the whole polygon. 

Ex. A certain irregular polygon contains three trian- 
gles — the base of the first triangle measures 56 rods, and 
the perpendicular 18 rods ; the base of the second triangle 
is 55 rods, and the perpendicular 13 rods; the base of the 
third is 44 rods, and the perpendicular is 22 rodsi What 
is the area of the polygon ? 

Here 55x18=990, and 65x13=715, and 44x22=968. 
Then, 990+715+968=2673 sq, rods,=double the area of 
the polygon. Then, 2673^2=1336^ sq. rods,=8 acres, 
1 rood, 16J sq. rods, the Ans. 



* These two figures are m)l polygous. 
•Agle,and a tetragon is a square. 



A trigon is an equilateral iri- 
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Problem IX. — The Diameter of a Circle being given^ to 
find the Circumference, 

Rule. — As 7 is to 22, so is the diameter to the circum- 
ference, nearly: Or, more exactly, as 113 is to 355, so is 
the diameter to the circumference.* Or, multiply the di- 
ameter by 3.1416,t and the product will be the circumfer- 
ence, very nearly. 

iVbfe.— By the converse of this rule the diameter of a 
circle may be found, when the circumference is known. 

Ex. 1. What is the circumference of a circle whose di- 
ameter is 226 feet? 

As 7 : 22 :: 226 : 710Kt. Ans. 
Or, as 113 : 355 :: 226 : 710ft., the Ans. 
Or, 226x3.1416=710.0016ft., the Ans. 
2. If the circumference of the earth be 24912 miles, what 
is its diameter ? 

As 355 : 113 :: 24912 : 7929}|i miles, Ans. 

Problem X. — 7h find the Area of a Circle* 

Rule I. — Multiply the circumference by the diameter, 
and i of the product will be the area : Or, multiply one of 
these dimensions, by -}■ of the other, and the product will be 
the area. 

Rule II.— Multiply the square of the diameter by .7854,t ' 
for the area. 

Rule III. — Multiply the square of the circumference by 
.07958. 

Ex. What is the area of a circle whose diameter is 22.6, 
and circumference 71 ? 

The answer, by the first rule, is 401.15; by the second 
rule, 401.150904; and by the third, 401.16278 

Note. — A circular ring, is the figure contained between 
the peripheries of two concentric circles ; and hence the 
area of a circular ring must be the difference of the areas 

* Tbe first of these proportions will give the circumference trne to 3 
or 4 places of figures, and tbe «pcond to 7 places. 

t This multiplier, correct lo fifte«a.places of decimals, is 3. 14 1592653- 
689793-|-; bot 3.1416 is snStciently eiact for common use. 

tThia muhipiier is- 1-4 of 3.1416, being Itie areaot a circle whos« 
diameter Is 1. 
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of tha two circles ; or equal to the dilTerence of the squares 
of the diameters of the two circles multiplied by .7854 ' 

Problem XL — To find the area of an Ellipse* 

Rt7L8. — Multiply the tran verse diameter by the conju- 
gate diameter, and the product by .7854, and the last pro- 
duct will be the area. 

Ex. What is the area of an ellipse whose tranverse di- 
ameter is 88» and conjugate diameter 72? 

Here 88x72x.7854=4976.2944, Ans. 

Problem XII. — To find the area of any long irregular 
figure. 

Rule. — Take or measure, the breadth of the figure in 
several places, at equal distances : Then divide the sum of 
these breadths by the number of them, and the quotient will 
be the meaii breadth, nearly ; by which multiply the length 
of the figure, and the product will be the area, near the 
truth. 

Ex. The breadths of an irregular field, at ^ve equidistant 
places, are 10, 8.1, 9.4, 10.2, and 12.3 rods, and the length 
is 32 rods: Required the area? 

Here (10-f 8.1+9.4+10.2+12.3)+6=X0 rods. 

Then 32x10=320 sq. rod s=2 acres, Ans. 



MENSURATION OF SOLIDS. 

DEFINITIONS. 

1. A prism, is a solid of equal size from end to end ; the 
ends being parallel, equal, and like plan€ figures, and the 
sides connecting those ends are parallelograms. A prism 
takes particular names, according to the figure of its base 
or ends, whether triangular, square, rectangular, or cir- 
cular, 6lc. 

2. A parallelopiped, or parallelopipedon, is a prism 
bounded by six parallelograms, every opposite two of which 
are equal, alike, and parallel ; as a stick of hewn timber 
of equal bigness from end to end. 
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3. A cube, is a square prism, bounded by six equal 
square sides, every two adjoining sides beipg perpendicu- 
lar to each other ; as a square block of wood, whose length, 
breadth, and thickness, are equal. 

4. A cylinder, is a round prism, having circles for its 
ends, or bases ; as a round log of equal bigness from end 
to end. 

5. Solids which decrease or taper gradually from the 
base till they come to a point, are generally called pyra- 
mids ; and they are of different kinds, according to the 
figure of their bases : Thus ; if it has a square base, it is 
called a square pyramid ; if a triangular base, a triangu- 
lar pyramid; if a circular base, a circular pyramid, or a 
cone. The point where the top of a pyramid ends, is call- 
ed a vertix ; a straight line drawn from the vertix to. the 
centre of the basfe, is called the perpendicular height oi the 
pyramid ; and a line drawn from the vertix to the middle 
of one of the sides of the base, is called the slant height. 

6. A frustum of a pyramid, is what remains after the 
top is cut off by a plane parallel to the base ; and is in the 
form of a stick of timber greater at one end than the other, 
whether round, or hewn square, &c. If it be round, it is 
usually called ihe frustum of a cone, 

7. A sphere or globe, is a round body, bounded by one 
curve surface, which is every where equally distant from 
a certain point within, called the centre, 

8. A segment of a globe, is any part cut off by a plane. 

9. A spheroid, is a solid resembling an egg in shape, only 
both its ends are alike. 4^ 

10. The measure or quantity of a solid, is called its sO' 
lidity, capacity, or content, 

11. Solids are measured by cubes, whose sides arc an 
inch, a foot, or a yard, ^c, and hence the solidity of a 
body is said to be so many cubic inches, feet/ or yards, 4w:. 
as will fill its capacity, or another of an equal magnitude; 

Problem I. — To find the solid content of any Prism, 

Rule. — Find the area of one of its ends or bases, by the 
rule for the figure, whether it be a triangle, a square, a 
polygon, or a circle, <fec.; then multiply this area by the 
length or heiglit of the prism, and the product will be the 
«olid content. 
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Note 1.— For a cube, lake the cube, of its side; and for 
a parallelopiped, take the continued product of the length, 
breadth and thickness, for the content. 

Note 2. — The solid content will be of the same name as 
the dimensions which are multiplied together for finding 
the same ; that is, if the dimensions be inches^ the solidity 
will be cubic inches; or, if the dimensions be feet, then 
the solidity will be cubic feet, &c. If you multiply the 
»rea of the base in square inches by the length of the prism 
in feet, and divide the product by 144, the quotient will be 
the solid content in cubic feet. 

Ex, 1. What is the solid content of a cylinder, or round 
prism, whose diameter is 2 feet, and length 12 feet ? 
Here Sx2x.7854-3.1416, area of the base. 

Then, 3.1416x12=37.6992 cub. feet, Ans. 

2. If a cubical bin, whose length, breadth and depth, are 
each 4 feet 2 inches, be filled to the brim with corn, how 
many bushels will it contain ? 

4ft. 2in.=50 inches, and 50x50x50=125000 cubic inch- 
es, the capacity of the bin. Then, 125000-8-2150.4=58,12+ 
bushels, Ans. 

3. What is the solid content of a stick of hewn timber, 
which is 12 inches broad, 8 inches thick, and 30 feet long? 

This is a parallelopiped ; therefore, 12x8X30=2880, 
and 2880-^144=20 cub. ft., Ans. 

4. If a piece of hewn timber be 22 inches square, and 
36 feet long, how many cubic feet does it contain ? 

Ans. 121. 

5. Required the solidity of a triangular prism, whose 
length is 10 feet, and die three sides of its triangular end, 
or base, are 3, 4, and 5 feet. Ans. 60 cub. ft. 

Note 3. — The superficial content of any prism may be 
found thus : Multiply the perimeter, or circumference of 
one end of the prism, by the length, and the product will be 
the area of all its sides; to which add also the areas of the 
two ends of the prism, if required.-^The area of the whole 
surface of any cube is equal to 6 times the square o'f the 
length of one of its sides. 

Problem II. — To find the solid content of any Pyramid. 

Rule.— Find the area, of the base, by the rule for the 
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figure, whether it be a triangle, a square, a polygon, or a 
circle ; then multiply this area by the;^ perpendicular height 
of the pyramid, and one-third of the product will be the 
solid content; or multiply one of those factors by one- 
third of the other, and the product will be the solidity re- 
quired. , 

Ex, 1. If the perpendicular height of a triangular pyra- 
mid be 30 feet, and each side of its base 10 feet, what is its 
solid content? 

Here, the base is a trigon, or an equilateral triangle ; 
therefore, 10xl0x.43301=43.301, the area of the base. 
Then, (43.301x30)^3=433.01 cubic feet, the solidity, Ans. 

2. The largest of the Egyptian pyramids is said to be 
693 feet square at its base, and 499 feet high : Required 
its solid content. Ans. 79881417 cub. ft. 

3. Required the solid content of a round stick of timber, 
which is 30 feet long, 18 inches in diameter at the greater 
end, and tapers to a point at the other. 

Ans. 17.67-}- cub. ft. 
Note. — The superficial content of any pyramid may be 
found thus : Multiply the perimeter of the base, or sum of 
all its sides, by the slant height of the pyramid, and half of 
the product will be the area of all the sides ; to which add 
the area of the base, if required. 

Problem III. — JTofind the solid content of any Frustum 
of a Pyramid. 

Rule I. — Add iiito one sum, the areas of the two ends 
and the square root of the product of those areas, and one- 
third of this sum will be the mean area of a section between 
the two bases ; which multiply by the perpendicular height 
or length oi the frustum, aind the product will be the solid 
I content. 

Rule H.— If it be the frustum of a cone; multiply the 
diameters of the two bases together; to the product add 
one- third of the square of the difference of the said diame- 
ters ; thfen multiply the sum by .7854, and the product will 
-fee the mean area between the two bases ; which being mul- 
tiplied by the height or length of the frustum, will give 
the solidity. 
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When the ends or bases of the frnstum are kny regular 
right lined figures ; then, multiply the side of the greater 
base by the side of the less ; to the product add one-third 
of the square of the difference of those sides ; multiply the 
sum by the proper multiplier for the figure, found in the 
table of multipliers for regular polygons, and the product 
will be the mean area between the bases ; which being 
multiplied by the length of the frustum, will give the so- 
lidity. 

Ex. 1. If a round log be 20 feet long, its diameter at 
the greatfer end 16 inches, and at the less end 10 inches ; 
how many cubic feet does it contain ? 

This is the frustum of a cone, and its solidity is found 
by Rule I. as follows : The area of the greater end i» 
==16xl6x.7854=201.0624sq. inches; that of the les^ end 
is=10xl0x.7854=78.54 sq. in.; and the squa-re root of tfee 
product of these areas fe V(201.0634x78.54)=125.664 

Then, (201.0624+78.54+125.664)-^3=135.0888sq. in., 
the mean area between the bases; and (135.0888x20)-i- 
144=18.76+ cub. feet, Ans. 

The same answer may be found more easily by Rule IL 

2. Required the solid content of a tapering stick of 
hewn timber, whose ends are squares; the greater end 
being 20 inches square, the less end 14 inches, and the 
length 30 feet. 

By Rule 11.-20—14=6, and (6x6)-^3=:12. Then, (20 
Xl4+12)xl=292 sq. inches, the mean area ; and (292x30) 
H-144=60f cubic feet, Ans. 

Note, — The superficial content of 9,ny frustum of a pyr- 
amid may be found thus : Add together the perimeters of 
the two ends ; multiply the sum 'by the slant height, and 
half the piH)duct will be the area of the sides; to which 
add the areas of the two ends, if required. 

Problem IV. — To find the area of the surf ace of a Sphere 
or Globe. 

Rule I. — ^Multiply the circumference of the sphere by 
its diameter, and the product will be the area- of its sur- 
face. . / 

Rulb II. — Multiply the square of the diameter ef the 
aphei'e by .34416. ogtzed b.Google 
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^Ki^LE III. — Multiply the square of the circumference 
by .31831 

Ex, Supposing the earth to be a globe, whose diameter 
is 7930 miles, and eircumference 24912 miles, what is the 
area of its surface? 

The answer, found by Rule I. is 197552160 sq. miles. 

PftORLEM V. — To find the solid content of a Sphere or 
Globe. 

Rule I. — Multiply the area of the surface by the diam- 
eter of the sphere, and take one-sixth of the product, for 
the solidity: Or, which is the same thing, multiply the 
square of the diameter by the circumference, and take one* 
sixth of the product. 

Rule II. — Multiply the cube of the diameter by .5236, 
for the solid content. 

Rule III. — Multiply the cube of the circumference by 
.016887 

Ex. If the earth be a globe, whose diameter is 7930 
miles, and circumference 24912 miles, how many cubie 
miles are contained in it? 

The answer, found by Rule I., is 261,098,104,800 cubic 
miles. ^ ' 

Problem W.-^Tofind the solid content of any Segment 
of a Globe. 

Rule.— To three times the square of the semidiameter 
of the segment's base, add the square of its height ; then 
multiply the sum by the Jieight, -and the product by .5230, 
for the content. 

Ex. A collier, wishing to burn a quantity of wood into 
charcoal, piled it up into a stack in the form of a segment 
of a globe, the height of which was 9 feet, and the diame- 
ter of the base 20 feet: how many cubic feet of wood did 
the pile contain? Ans. 1795.4244 cub. ft.* 

Problem VII. — To find the solid content of a Spheroids 

* Tbe solid content of any coalpit, of the usual form, may easily bo 
found as follows: Measure with a rope or cbaia across tbe fop of Ibe 
stack of wood, from the bottom on one side to the bottom on tbe oppo- 
site side ; then divide the cube of this measure, in feet; by 1895, and the 
ijpiGtieat will be tbe required content, in coiJs. 
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RiTLE. — Multiply the laquare of the shortest diameter hy 
the longest diameter ; then multiply the product by .5^6^ 
and the last product will be the solidity. 

Ex. If the length, or longest diameter of a spheroid, be 
40 inches, and the shortest diameter 30 inches, wnat is its 
solidity? • Ans. 18849.6 cub. inches. 

Problem VIII. — To find the solid content of any irregular 
body, ^ 

Rule. — Put the body, or quantity which you would 
measure, into any vessel of regular shape, and then fill the 
vessel with water, sand, or any other convenient substance. 
Then take out the body, and measure the space left empty 
by its removal, according to the preceding rules, and the 
content of this space will be the solid content of the irreg- 
ular body. . 

MENSURATION OF BOARDS AND TIMBER. 

Problem I. — To find the area or superficial content of 
any Board. 

Rule. — Multiply the length of the board by the mean 
breadth, and the product will be the superficial content 
required. 

Note 1. — When the board is broader at one end than at 
the other ; if it tapers regularly, take the breadth in the 
middle ; or else add the breadths of the two ends together, 
and take half the sum, for the mean breadth : But, if the 
board does not taper regularly, you may measure the 
breadth in several places at equal distances, and then divide 
the sum of these breadths by the number of them, and the 
quotient will be the mean breadth. 

Note 2. — If you multiply the length in feet by the mean 
breadth in inches, and divide the product hy 12, the quo- 
tient will be the superficial content in square feet. — In 
measuring boards, timber, &c. it will be convenient to 
make use of a measuring rule in which the ffeej are divided 
decimally, viz. each foot into 10 equal parts, and these a- * 
gain into 10 parts; for then-the dimensions maybe taken 

Digitized by CjOOQIC 



MNSURATION or BOAHDff AND TIMBER. 329 

* 

ia feet and decimal part$, and multiplied together likeoth-* 
ler decimal numbers. 

Note 3. — When it ia required to measure several boards 
of the same length ; it will be the best way to add all the 
widths together ; (^or, if the boards be all of the same width, 
multiply the width of one board by the number of boards;) 
then multiply the sum (or product) by the length of one of 
the boards, and the product will be the <;ontents of all the 
boards. 

Ex. 1. Hofw many square feet are contained in a board 
whieh is 13 feet long, and 16 inches wide ? 

Here 16x15=208, and 208^1^=171 sq.f^et, Ans. 

2. Required the superficial content of a board which is 
12 feet B inches long, and 1 foot 6 inches wide, and also its 
iralue, at 4 cents per square foot. 

The content may be found by several different methods, 
as follows: — 

1st Method. 2<f, By Duodecimals, 

l*ength, 149 inches,2=12ft. 8in» Ft. 

Breadth, 18 in.=llt. 6in, 12. 



1 



1192 



149 6. .2.. 6 
12..5 

Content, 2682 square inches,= 

18 square feet, 90 sq. in. Content, 18 .. 7 .. 6 

2dj By Practice, 4th, By Decimals, thus : 12ft. 5in.= 
Ft. ' 12.44+ft,, and 1ft. 6in.=1.5ft. Then, 

6in.=i^)12 .. 5 .. 12.41x1.5=18.615 sq. feet, Ans. 

6 .^ 2 .. 6" &thy By Vulgar Fractions, thus : 

12ft. 5in.=12Aft., and 1ft. 6in.=Hft. 

Ans. 18 ,. 7 .. 6 Then, 12AxH=^Xf ==Vf =18|sq.ft. 
The value is 74^ cents, which may be found by the Rule 
of Three, or by Practice. 

3. How many square feet are contained in a board which 
is 12 feet long, 14 inches wide at the greater end, and 10 
inches wide at the less end ? • Ans. 12. 

4. Having occasion to measure an irregular mahogany 
fl&nk of 10 feet in length, I found it necessary to measure 
j^y^x^l breadths, at equal distances from each other, vi^f 



k. 
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at every two feet. The breadth of the less end was 8 inch- 
es, and that-of the greater end 14 inches : the intermediate 
breadths were 10 inches, 9 inches, 12 inches and 13 inches^ 
How many square feet were contained in the plank? 

Ans. 9i. 

PoBLEM 11. — Having the breadth of a rectangular board 
* given J to find how mucU in length will make a square 

foot, or any other quantity assigned. ^ . 

RuLB. — Divide the number of square inches in the given 
area by the width of the board in inches, and the quotient 
will be the length required in inches. 

Ex. From a mahogany plank, 22 inches broad, a square 
yard is to be cut off: at what distance from the end must 
the line be drawn ? 

Isq. y'd.=1296sq. in., and 1296-^22-58|f inches, Ans. 

Problem III. — To find the solid content of any piece of 
timber. 

Rule I. — If the stick, Or piece of timber, be a, prism, or 
a pyramid, or the frustum of a pyramid, its solid content 
may be found by the rule for the figure, as in the Mensura- 
tion of Solids. 

Rule II.— rThe customary method of measuring timber, 
is to gird the stick round the middle with a string; then the 
, square of one- fourth of this girt being multiplied by the 
length of the stick, gives the solid content, nearly. — This 
Rule is commonly called the quarter-girt rule. 

Note 1. — If the piece of timben^e very irregular, gird it 
in several places equally distant from each other, and di- 
vide the sum of these circumferences by the number of 
them, for the mean circumference. 

Note 2* — If the length of the piece of timber be taken in 
feet, and the other dimensions in inches ; then you may- 
multiply the area of the base in square inches, or the square 
of the quarter girt, in inches, by the length in feet, and di- 
vide the product by 144,;and the quotient will be thfe solid 
content in cubic feet. 

Examples, performed by Rule 11. 
1. If the circumference of a stick of hewn timber be 60 
inches, and^ the length 20 feet, how many cubic feet does 
it contain? , . 
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60^4=15 inches, the quarter girt. Then, 15x15x20= 
4500, and 4500^144=3Ii cub. ft. Ans. 

2. If the circumference of the greater end of a round 
stick of timber be 136 inches ; that of the less end 32 inch- 
es ; (or which is the same thing, if the quarter girt in the 
middle be 2| inches ;) and the length 48 feet ; how many 
cubic feet does it contain ? Ans. 147. 

3. How many cubic feet are contained in the trunk of a 
tree, whose length is 17i feet, arid its circumference in fivfe 
places, at equal distances, as follows ; viz. 9.43 feet, 7.92 
feet, 6.15 feet, 4.74 feet, and 3.16 feet? 

Aps. 42.51 +cub. ft. 

Problem IV. — Having given the size of a piece of timber 
of equal bigness from end to end, to find how much in 
length will make a given number of cubic inches, or 
feet, 4»c. 

Rule. — Divide the given number of cubic inches by the 
area of one end of the stick, in square inches, and the quo- 
tient will be the length required, in inches. 

Ex, 1. From a stick of hewn timber, 8 inches wide and 
6 inches^ thick, I would cut off a solid foot : what length of 
the stick must I cut offt 

Here 8x6=48 sq. inches, the area of one end. ^ 
Then, 1728-^48=36 inches=3 feet, Ans. 
2. If a round stick of timber be 10 inches in diameter, 
how much in length will make 4 solid feet ? 

Ans. 7 ft. 4in.Tf- . 

Problem V. — To find how many cubic feet a round stick 
of timber will contain, when hewn square. 

Rule. — Multiply the square of the diameter of the less 
end of the stick, in inches, by half the length in feet ; di- 
vide the product by 144, and the quotient will be the an- 
swer. 

Ex. If the diameter of a round stick of timber be 22 
inches, and its length 12 feet, how many solid feet will it 
contain when hewn square ? 

Here (22x22x6)-i-144=20J- cub. feet, Ans. 

Problem VI. — To find how many feet of square edged 
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hoards, of a given thickness^ can be sawn from a log of 

a given diameter. 

Rule. — Find (by Prob. 5th) the solid content of the lo^, 
when made square: Then say, as the thickness of the 
board including the saw calf :*is to 12 inches :: so is the 
number of cubic feet contained in the log when made 
square : to the number of square feet of boards. 
j^Ex. How many feet of square edged boards, 1| inch 
thick, including the saw calf, can be sawn from a log 16 
feet long, and 24 inches in diameter ? 

(24x24x8)+144==32 cub. ft. Then, as Uin. ; 12 in. :: 32 : 
307i sq. ft., the An*. 

MENSURATION OF ARTIFICERS' WORKS. 

Artificers compute the contents of their works by several 
different measures ; as glazing and masons' flat work, by 
the square foot ; painting, plastering, paving, &c. by the 
square yard ; flooring, partitioning, roofing, tiling, &c. by 
the square of 100 square feet ; and brick-work, either by 
the square yard or square rod. 

All works, whether superficial or solid, are computed 
by the rules proper to the figure of them, whether it be a 
triangle, a rectangle, a parallelopiped, or any other figure. 
Article 1. — Of Glaziers^ and Masons^ fiat work, estima- 
ted by the square foot. 
Ex, 1. There is a house with three tiers of windows, three 
In a tier; the height of the first tier is 7 feet 10 inches; that 
of the second 6 feet 8 inches; that of the third 5 feet 4 inch- 
es ; and the breadth^ of each window is 3 feet 10 inches : 
What will the glazing come to, at 15 cents a square foot? 
Ft. in. Then, by Multiplication 

7 .. 10 ) The of Duodecimals : 

6.. 8 > heights, Ft. in. 

6.. 4)added. . - ., ' B9..6 

' 3.10 

19.. 10 



3 No. of windows in a tier. 49 .. 7 .. 

-r~ 178 ..6 



M„ 6 Height of all th« windows 



The», 22$iVx.l5«*34.2l2&, the Ans^-^^v^«.. 
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2. What is the price of a marble slab whose length is 5 
feet 7 inches, and breadth 1 foot 10 inches^ at 20 cents a 
square foot? Ans. $2,047+ 

Art. 2. — Of Pavers\ Painters\ Plasterers^ and, Join^ 
ers^ works, e6tiviated by the square yard, 

Ex. 1. What will the paving of a court yard come to at . 
50 cents per square yard, if the length be 27 feet 6 inches^ 
and the breadth 14 feet 9 inches 1 

27ft. 6in.=27.5ft., and 14ft. 9in.=14.75ft* Then, 27.5 
Xl4.75=405.625sq. ft.=45.06+sq. yards, and 45.06x.5a 
=$22.53, the Ans. 

2. If a room be 7 yards long, 6 yards wide, and 3 yards 
high, what is the expense of plastering its sides and upper 
part, at the rate of 10 cents per square yard ? 

(7+6)x2=26 yards, the j circumference of the room. 
Then, 26x3=78 sq. yards, the area of the sides, and 7x6— 
42 sq. yards, the area of the upper part. Then 78+42= 
120 sq. yards, the superficial content of* the whole wall, 
which, at 10 cents per square yard, amounts to $12, Ans. 

3. How many square yards are contained in a piece ff 
wainscotting, which is 8 feet 3 inches long, and 6 feet %-. 
inches broad? 

Ans. 5.95+sq. yards; or 5sq. yd. 8sq. ft. 7'.. 6". 

Art. 3. — Measuring by the square of 100 square feet ; 
as Flooring, Partitioning, Roofing, Tiling, 6fC. 

Ex. 1. How many squares of 100 square feet, are con- 
tained in the floor of a room which is 32 feet 6 inches long, 
anti 24 feet 3 inches wide ? 
Ans. 7.88125 squares ; or 7 squares, and 88sq.ft. 1' .. 6". 

2. Suppose a house is 44 feet 6 inches in length, and 18 
feet 3 inches in breadth, and the roof is of a true pitch; what 
will the roofing amount to, at $2.40 per square of 100 square 
feet? Ans. $29.2365 

Note. — The roof of a house is said to T^e of a true pitch, 
when the width of the roof, on each side, or the length of 
each rafter, is equal to three-fourths of the breadth o( the 
building : then the superficial content of the whole roof is. 
found by multiplying tlie length of the house by 1| time* 
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the breadth ; or hj multiplying the length by th6 breadth,, 
and then increasing the product by ^ of itself. 

Art. 4. — Of Bricklayers' Work. 

Bricklayers estimate their work either by the square 
yard, (of 9 square feet,) or the square rod, (of 2721 square 
•feet,) and always at the rate of a brick and a half thick. So 
that if a wall be more or less than this standard thickness, 
if must be reduced to it, by multiplying the superficial con- 
tent of one side of the wall by the number of half-bricks in 
the thickness, and then dividing the product by 3."' 

Note* — The whole length of a wall which forms the sides 
of any building may be found by measuring the length on 
the outside and on the inside of the building, and taking 
half the sum of these two measures : Or, if the base of the 
building be a rectangle, the whole length of the wall may 
be found by subtracting 4 times its thickness from twice 
the sum of the length and breadth of the house. 

Ex. 1. How many square rods of standard brick- work 
are contained in a wall, which is 68 feet, 1 inch, in length, 
.24 feet high, and 2t bricks, or 6 half-bricks, thick? 
Here 68iVx24=16343q. feet,=0+sq. rods. 
Then, (6x5)-i-3=i0 standard square rods, Ans. 
2. How many square yards of standard brick-work are 
contained in a wall, 62 fe^et 6 inches long, 14 feet 8 inches 
high, and 2 bricks thick? 

Ans. 135.8+sq.jrards,>r 135sq. yd. 7sq. ft. 2'..S"'. 

Art. 5. — To find how many bricks^ of a given size^ will 
he necessary to build a wall, of any given dimensions. 

Rule. — As the solid content of one brick : is to that of 
the wall :: so is 1 : to the number of bricks required. 

Ex. A man is determined to build a brick house of the 
following dimensions ; viz. length 40 feet j breadth 30 feetj 
height of the eaves^ or lower part of the roof, 20 feet ; per- 
pendicular height of each triangular gable end 16 feet : the 
walls are to be a foot thick, and there are to be >eft through 
them 30 places for windows, each 6 feet high and 4 feet 
wide, and 5 places for doors, each 7 feet high and 5 feet 
wide. How many bricks 8 inches lon|,^ 4^ygjjand 2 J- 
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thick, must be taken to build the walls of ihe house ? 

(40-+-30)x2=140 feet, from which subtracting 4 times the? 
thickness of the wall, the remainder, 136 feet, is the whole 
length of wall. Then, 130x20x1 =2720 cub. feet> the solid 
content of the wall, exclusive of the tWo gable ends, and 
30x16x1=480 cub. feet, the contents of bpth the gable 
ends ; and hence the whole content of the wall, including 
the places for window^ and doors, is 2720+480=3200 cu- 
bic feet. 

Then, (6x4x30) +(7x5x5)=:720+ 175=895 cubic feet, to 
be deducted for the windows and^oors ; which being taken 
from 3200 cubic feet, the remainder, 2305 cubic feet,= 
3983040 cubic inches, is the solid content of all the bricks. 

Now, one brick contains 8x4x2^ =80 cub. inches: There- 
fore, as pOcub, in. : 3983040 cub. in. :: 1 brick :' 49788 
bricks, Ans. 



GAUGING. 

Gauging is the art of measuring and finding the contents 
or capacities of all sorts of vessels ; such as casks, brew- 
ers' vessels, ifec. &c. . 

The content of any vessel in the shape of any of the 
solids meiitioned in the " Mensuration of Solids," may be 
found in gallons, or bushels, &.c. by the following 

BULE. 

pleasure the inside of the vessel, according to the rule 
for the figure, and calculate its content or capacity, in cu- 
bic inches, as though it were a solid. Then the conteat, 
thus found, maybe reduced to wine gallons, by dividing by 
231, the number of cubic inches in a wine gallon ; or to 
beer gallons, by dividing by 282 ; or to bushels, by divi- 
ding by 2150.4, &c. 

Ex. 1. There is a bin, in form of a parallelopiped, 60 
inches long, 40 inches wide, and 50 inches deep : How many 
bushels of corn will it hold ? 

Here (60x40x50 )-i-2150.4=55.8+busheis, Ans. 

2. If the length of a cylindrical wooden bottle be 6 inch* 
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ee, aad the di&meler 7 inches, how much wind will it hold! 

Ans. 1 gallop, nearly. 

3. The diameter of a round mash tub is 36 inches at the 
bottom, within, and 42 inches at the top ; and its perpen- 
dicular height or depth is 48 inches : Required its content 
in wiue and beer gallons. 

Ans. 248.71 +wiue gal., or 203.73+beer gal. 

N. B. The tub mentioned in the last question being the 
frustum of a cone, its content, in cubic inches, is found by 
the rule for solids of that form. , ' 

To find the capaciti/ of a Cask of the usual form. 

RULE I. 

1. Take the dimensions of the cask, within, in inches, 
viz. the length of the cask, and the diameters at the bung 
and head. 

2. To the head diameter add two-thirds of the difference 
between the head and bung diameters, and the sum will be 
the mean diameter; but, if the staves be but little curving, 
add only six-tenths of the said difference. 

3. Square the mean dfametel*, thus found, ^and multiply 
the square by the length ; then divide the product by 294 
for wine gallons, or by 359 for beer gallons. 

Note. — There is a difference in the thickness of the 
heads of different casks, for which proper allowances must 
be made in taking the length. The head diameter may be 
taken on the outside, close to the chimefs ; to which add, 
for small caeks, three-tenths of an inch ; for casks of 40 or 
50 gallons, four-tenths ; and for larger casks, 6 or 6 tenths, 
and the sum will be very nearly the head diameter within. 

RULE II. 

With any straight rod^ take the diagonal of the cask, 
from the centre of the bung hole to the end or head of the 
cask on the opposite side ; then multiply the cube of this 
diagonal in inches by .00272 for wine gallons, or by .002228 
for beer gallons* 

Note. — The diagonal should be measured both ways 
from the bung hole ; and> if these two measures differ, take 
half their sum, for a mean diagonal. 
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£x. 1 . Required the content, in wine and becif gallons^ 
t>f a cask, whose hmg diameten is 28 inches, head diameter 
^2 inches, and length 40 inches. 

By Rule I. thus : 28—22=6, the difference between the 
bung and head diameters, two- thirds of which is 4 ; and 
hence the mean diameter is 22+4r=26 inches. Then* 
(26x26x40)-*-294=91Hf wine gallons. > . 
(26x26x40>359=75iH beer gallons. ] 

2. How many wine gallons in a cask whoi^e diftgotial i& 
34 inches? Ans. 106.90688 gal. 

To find a Ship^s burthen, . o'r to Gauge a Ship. 

There is such a diversity in the forms of ships« that no 
general rule can be applied to answer all varieties ; howev- 
er, the following rules lare practised. 

Rule I. — Multiply continually together, the length of 
the keel, the breadth of the ship at the main beam, and the 
depth of the hold^ in feet ; divide the product by 95^ and 
the quotient will be the ship's burthen, in tons. 

Rule II.~^Multiply together the length of the keel, tlic 
breadth of the beam, and half the said breadth;^ divide the 
last product by 95, and the quotient will be the tonnage. 

RuLB III. — The weight of a ship's burthen is half the 
weight of the water she can hold. 

Ex, What is the tonnage of a ship, whose length is 725 
feet, breadth 24 feet, and depth 12 feet? 

By Rule I. thus : (72x24xl2)-i-95=218H tprts, Ans* 
The same answer may be found hf Rule II. 



MISCELLANEOUS PROBLEMS. 

Problem l,^— Having the sum and difference of any two 
numbers given j to find those numbers. 

RuLE« — From the sum of the required numbers take their 
difference, and half of the remainder will be the less num-* 
ber; to which add the difference, and the amount will bcf 
the greater number. / i 
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Or^ Imlf the difTerence of the rcquiTed numbers added to 
half their sum will give the greater number, and the said 
half difference subtracted from the half sum will give the 
less number. 

Example 1. Required to find two numbers whose sum 
is 25, and difference 11? 

Here, (35— n>2=14-f-2=7, the le^s number; and7+ 
11=18, the greater number. 

-Or, 25-t-2=12i=;haif the sum, and il-s-3^i^=half the 
difference. Then, 12}-+5J=18, the greater number ; and 
12^ — bi=^7j the less number. 

2. Divide 100 dollars between A and B, so that A may 
' have 14 dollars more than B. 

Ans. A $57, and fi $13. 

Prob. II. — Having the sum of two numbers and their 
product given, to find those nunphers. 

RuL£. — From the square of their sum subtract 4 times 
their product.; then^ extract the square root of the remain- 
der, and it will be the difference of the twp numbers. You 
will then have the sum and difference of the two required 
numbers, from which you may find the numbers by Prob. I. 

Ex, 1. The sum of two numbers is 28, and tlieir product 
is J 47 : what are those numbers ? 

(28x28)— (147x4)=784—58g=196, and V196=14, the 
difference of the required numbers. Then, by Prob. 1st, 
(28— 14)-i-2=7, the less number ; and 7+14=21, the great- 
er number. 

2. A certain tract of land, in form of a right angled par- 
allelogram, is 160 rods in circuit, and contains 9 acres, 1 
rood, and 20 square rods. I demand the length and breadth 
of the tract I Ans. Length 50 rods, breadth 30 rods. 

Prob. III. — Having the difference of two numbers, and 
their product given, to find those numbers. 

Rule. — ^To the square of their difference add 4 times 
their pjroduct, and the square root of the amount will be 
the suni of the two required numbers. Then the numbers 
may be found by Pjsob, I. - 
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Ex, 1. What arc tliosd two numbers- whose difference- 
is 7, and product 44? Ans, 4 and 11, 

?. Tt is required tq lay out 47 acres 2 roods and 16 square 
rods of land, in form of a parallelogjani, the length of 
which shall exceed the breadth by 80 rods. 

Ans. 136 rods and '56 rods. 

Prob. TV ^—Having the sum of two numbers^ and the sum 
of their squares giveuj to find those numbers^ 

RuLE.-^From twice the sum of their squares subtract 
the square of their sum, and the square root of the remain- 
der will be the difrerence of the two numbers. Then fitid 
the numbers by Prob. I. ' '-^ 

Ex. 1. The sum of two numbers is 50, and the sum of 
their squares is 1700: what are those numbers? 

Ans. 10 and 40. 

2. The length of the hypothenuse of a right angled tri- 
angle is 5 chains, and the sum of the base and perpendicu- 
lar is 7 chains ; required the length of each of the two last 
mentioned, sides. 

Ans. The base is 4 chains, and the perpendicular is 3 
chains. 

Note. — The square of the hypothenuse, or longest 
side, of any right angled triangle, is equal to the sum 
of the squares of the base and perpendicular ; and conse- 
quently the square of either of the two last mentioned 
sides is equal to the difference of the squares of the other 
twQ sides. ♦ . 

PftOB. V. — Having the difference of two numbers., and the) 
sum of their squares given, to find those numbers. 

Rule. — From twice the sum of their squares subtract 
the square of their difference, and the square root of the 
remainder will be the sum of the two numbers. Thep find 
the numbers by Prob. I. , . 

Ex. The hypothenuse of a right angled triangle meas- ' 
ures 20 rods, and the difference of the other two sides is 
4 rods — these two sides are required. 

Ans. 1$ reds and 16 rods. .. 
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Pkob. yh—^Hdving the sum of two numbers, and the dif- 
ference of their squares given, to find those numbers. 

Rule.*— Divide the difference of the squares by the 
sum of the numbers, and the quotient will be the difference 
4Df the two numbers. Then find the numbers by Prob. I. 

Ex, 1. One-hundred dollars so divide, 
Between two worthy men. 
That when each part is fairly squared, 
The difference is but ten. 
Ana. The greater part is $50.05, the less $49.95. 
% A liberty pole 100 feet high, standing on a plaii^, 
breaks and*hangs on the stump, so that the top rests on the 
ground at the distance of 10 feet from the upright part ; 
At what height from the ground did it break? 

Ans. 49J feet. 

PftOB. VII. — Having the difference of two numbers^ and 
the difference of their squares given, to find the numbers, 

RvLB. — Divide the difference of the squares by the dif- 
fierence of the numbers, and the quotient will be the sum of 
the numbers. Then find the numbers by Prob. I. 
Ex, 1. Between my brother's age and mine, 
Are Just a dozen years ; 
And forty dozen are between 
Their second pow'rs, or squares. 
What are our ages? Ans. 26 yr. and 14 yr. 

2. The base of a right angled triangle is 15 chains, and 
the difference between the hypothenuse and perpendicular 
ip 2.5 chains — these two sides are required. 

Ans. 46.25 ch. and 43.75 ch. 

Prob. VIII. — To find an arithmetical mean between any 
two given numbers. 

Rule.— Divide the sum of the given numbers by 2, an4 
the quotient will be the arithmetical mean required. 

JSac. Find aa arithmetical mean between the two numbers 
4 and 10. Ans. 7. 

* The prodact of tbe-sum and diflTereoce of any two numbers is equal 
lolbe dkrerence of the squares of the numbers; whence the reason of 
tlie rales for PHlWems dih and 7th is obviou s. r v^ ^ . i a 
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l^jA^B. IX. — To find anyi dssigiied number of arith'm6ti<;al 
means between two given terms or extremes. 

Rule. — Subtract the less term or extreme from the 
greater ; divide the remainder by 1 more than the nuinbei* 
of means required to be found; that ie, divide by 2 fdf 1 
mean, by 3 for 2 means, &c., and the quotient will be the 
common difference of the terms ; which being added con- 
tinually to the least term, or subtracted from the greatest, 
wiU give the mean terms required. 

Ex. Required to find 5 arithmetical means between the 
numbers 2 and 14. 

(14 — 2)-^6=i2, the common diflterence of the terms, which 
being added^ continually to the least term, gives 4, 6, 8, 10, 
and 12, for the means required. * 

Prob. X. — To find a geometrical mean proportional be* 
tween any two gif>en numbers. 
Rule. — Multiply the two numbers together, and extract 
the square root of their product, which will give themtan 
proportional sought. 

Ex. Find a geometrical mean between 4 and 9. 

Here V(9x4)=6, Ans. 

Prob. XI. — To find any assigned number of geometncat 
means between two given numbers or extremes. 
R^JLE. — Divide the greater number by the less, and ex- 
tract such root of the quotient whose index is 1 more than 
the number of means required ; that is, extract the 2d root 
for one mean,' the 3d root for two means, and so on ; and 
that root will be the common ratio of all the terms : Then, 
with the tatio, multiply continually from the least term, 
or divide continually from the grecltest, and you will have 
the mean terms r^equired. • . 

Ex. Required to find three geometrical meahs between 
the nun^berff 2 and 162. 

162^^=81, and ^81=3, the ratio. l*hen, 2x3=6, and 
6X3=18, and 18x3=54. 

Or, 162^3=54, and 54-f-3-18, and 18-^^8=6. 

So, 6, 18, and 54, are the means required. 

Proi. XIL — MdTfing given the base' Mnd perpendicular qf 
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any irtangle, to find the side of a square inscribed in the 
same* v 

RuLK. — ^Divide the product of the base and perpendicu- 
lar by their sum, and the quotient will be the side of the 
inicribed square. 

Kx. If the base of a triangle be 30 rods, and the perpen- 
dicular ^ rods, what is the side of a square inscribed in 
the triangle ! 

Here (30x^)-s-(30+20')=12 rods, Ans. 

Paob. XIII.— 7%e diameter of a circle being given^ to find 
the side of a square inscribed in the circle. 

RvLS. — Multiply the diameter of the circle by .707106, 
and the product will be the side of the inscribed square. 

Ex, Required the side of a square inscribed in a circle 
whose diameter is 100 feet. Ans. 70.7106 feet. 

PftOB. XI Y. — To find the side of a square equal in area to 
any given superficies whatever* 
RuLS. — Extract the square root of the number of square 
rods, or feet, &c. contained in the given superficies, and 
thilft root will be the side of the square sought, in the same 
name with the area. 

Ex. 1. If the area of a triangle be one acre, what is ^the 
side of a square equal in area thereto ? 

Vl60=12.64+rods, Ans. 
2. Find the side of a square which is equal in area to a 
parallelogram 100 rods long and 25 rods wide. 

Ans. 60 rods, 

PaoB. XV. — To lay-out a given quantity of land in form of 
a parallelogram, having the length to the breadth in a 
given ratio. 

Rule. — As the greater number of the given ratio, is to 
the less ; so is the given area, to a fourth term, whose 
square root is the breadth. Then, as the less number of 
the given ratio, is to the greater ; so is the breadth, to the 
length : Or, the length may be found by dividing the area 
by the breadth. 

^ One riffbt-Kned figure is inBcribed in another, or tbe latter circum- 
tcrlbes theTorader, when •U(he angular poiotsof the former are plac«di 
%» t«M 8ide» of tlie tiHter, ( nr»a I p 
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Ex. 1. Ittis required to lay out 25 acres of land in a 
»«ectangular form, having the length to the breadth in the 
ratioof8to5. 

26 acres=4000 square rods. 
As 8 : 5 :: 4000sq. rd. : 2B00sq. rd. 
Then, V2500=50 rods, the breadth, } . 
As 5 : 8 :: 60 : 80 rods, the length. ] ^^^' 
2. Suppose I would set out an orchard of 600 trees, so 
that the number of trees in length shall be to the number 
in breadth as 3 to 2, and the distance of each tree from the 
next 7 yards; how many trees must the orchard be in 
length, and how many in breadth, and how many square 
yards of ground will it contain ? 

Ans. SO trees in length and 20 in breadth ; and, if no 
space be left^on the outside of the orchard, it will contain 
2Q99^ sq. yards of ground. 

Paob. XVI. — To JImL the diameter of a circle ennal in area 

to an ellipsis, (or oval,) whose iranverse and conjugate (or 

lohgest and shortest) diameters are given. 

Rule. — Find, by Prob. 10th, a geometrical mean be- 
tween the two given diameters of the elli|^i^>and that 
mean will be the diameter of a circle equal to IK ellipsis. 

Ex, Find the diameter of a circle equal in:aa'e(tft$> ant 
ellipsis whose tran verse diameter is 81 feet, and dqinjugale* 
diameter 64 feet. Ans. 72 fee4.. \ . 

PaoB. XVII. — To find the side of a cube equal to any giv- 
en solid. 

RuLE^ — The cube root of the number of cubic inches, or 
feet, ^c. contained in the given solid, will be the s^de of 
the cube sought. 

Ex. The statute bushel contains 2160.4 cubic inches: I 
demand the side of a cubic box that will hold that quantity? 
y^2150.4=12.9+ intjhes, Ans. 

Pbob. XVIII. — The solid content of any frustum of a cone^ 
its height or length, and the diameter of one end, being giv 
en, to find the diameter of the other end. " 
Rule. — Multiply the height or length of the frustum by" 
the decimal .2618, and divide the solid content by that pro- 
duct: From the quotient subtract th|^^e-^oig^^^of tk© 
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square of the given dlametei', and from the 'square rest ef 
the remainder subtract half of the given diameter; and the 
last remainder will be the diameter required. 

Note. — If the given dimensions and the solid content of 
the frustimi are not all of the same name, they must be re- 
duced to the same t Thus^ if the dimensions be in inches, 
then the solid content must be in cubic inches, &.c. — This 
note must also be attended tain solving other problems of 
the like nature. 

£a?. A cooper Would make a tub in the form of a conic 
fvusium, to hold just 10 barrels, wine measure ; and would 
have the inside diameter at the bottom 40 inches, and .the 
perpendicular height or depth 50 inches. What must be 
the diameter at the top? ^ 

lObarrels contain *T2766 cubic inches. Half of 40 is SO, 
and f of the square of 40 is 1200. Then, 

vf-^??^~— -1200)— 20=46+ inches, Ans. 
V5^X.2618 * s 

Pbob. XIX. — When the dimensions of any surface and its 

area are given, to find the dimensions of any larger or 

smaller surf ace of similar shape,* 

Rule.— As the area of the surface whose dimensions are 
known, is to that of the other ; so is the square of any one 
of the diftiensians of the former, to thte square of the cor- 
responding or like dimension of the latter ; the square 
root of which is the dimension required. 

Or, if*^the surface whose dimensions are required be 
^, -J-, or twice, or thr^e times, &c. as large as the other; 
then the square root of the like part, or mjaltiplc, of the 
^square of any dimension of the latter, will bte the corres- 
ponding (fimension of the former. 

• Note, — When there are several dimensions to be found ; 
then, after having found one df them by the above rule, the 
rest may be found thus : As the dimension of the given 
surface which corresponds with the known dimension of the 
other, is to the said known dimension ; so is any other di- 
mension of the former, to the corresponding dimension of 
the latter. . 

* The H«98|of sioiJar sarfaces are lo each other as the squares of their 
likeliBeaf jDipeiiisiQDs; aad the contents of siraitar solids are propor- ■ 
liotfA) lo tfte fidb^s of 1 heir like dimensions ; whence the reason of the 
«^te$ for Plpohtems mh and s20th ii obvioas. 
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, Ex, 1. The three ^ sides of a triangle are 6, 8, and 10 
rods, and the area is 24 square rods : I demand the sides of 
a similar triangle, whose area is 96 square rods ? 

A8 24 : 96 :: 6x6 : 144. Then V144=12 rods, the length 
€>( the shortest side. Then I i^nd the other sides thus : As 
6 : 12 :: 8 : 16 rods ; and, as 6 : 12 :: 10 : 20 rods.— Ans. 
The three sides are 12, 16, and 20 rods. 

2. The side of a certain square is 8 rods : I demand the 
side of another square, which is f as great ? 

Here (8x8)-h1=16, and V16=4 rods, Ans. . 

3. The diameter of a certain circle is 10 yards : I demand 
the diameter of a circle 9 times as large ? 

(10xl0)x9=900,and V900=30yardfl, Ans. 

4. The base of a triangle measures 4 rods, and the area 
of the triangle is 6 square rods : I demand the area of a 
similar triangle whose base measures 8 rods? 

As 4x4 : 8x8 :: 6 sq. rd. : 24 sq. rd. Ans. 

Prob. XX.^ — When the dimensions of any solid and its • 
content are given j to find the corresponding dimensions 
of another solid of similar shapcy out either greater or 
less. 

Rule. — ^As the content of the solid whose dimensions 
are known, is to that of* the other ; so is the cube of any 
dimension of the former, to the cube of the corresponding 
dimension of the latter ; the cube root of which will be 
the dimension required. 

Off if the content of the solid whose dimensions are 
required, is anj part or multiple of the content of the 
other solid, then the cube root of the like part or multiple 
of the cube of any dimension of the latter, will be the cor- 
responding dimension of the former. 

iVb«e 1. -^Observe the same Note here that is annexed 
to the rule for Prob. 10th. 

Ex. 1. If the length of a cylindrical gallon bottle be 6 
inches, and the diameter 7 inches ; what are the dimensions 
of a quart bottle of similar shape ? 

(6x6x6)-s-4=:54, and ^54=3,7+ inches, the length of 
the quart bottle. Then, as 6 : 3.7 ;: 7 inches : 4.3+ inch- 
es, the diameter. 

2. If a bullet of 3 inches diaipeter weigh 41b. what must 
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be the diameter of a bullet* made of th« lik« m^tal, to 

weigh 321b.? 

41b. : 321b. :: 3x3x3 : 216. Then, ^216=6 inches, Ana- 

3. The diameter of the earth is about 7930 miles, and 
that of th« sun 883246 miles : Required the ratio of the 
magnitudes of these two bodies. 

* 7930 : 883246 :: 1 f 1381737-f 

Ans. The sun is 1381737 times as large as the earth. 

4. If a ship of 300 tons burthen be 75 feet long in the 
keel, how long is the keel of a similar built ship whose 
burthen is 1500 tons? Ans. 94.4+ft. 

5. If a ship of 300 tons burthen be 75 feet long in the 
keel, what is the burthen of another ship of the same form, 
whose keel is 100 feet long? Ans. 71 H tons. 

Note' 2, — The strength of cables, alid consequently the 
^weights of their anchors, are as the cTpfes of the diameters 
or peripheries of the cables. 

6. If an anchor of 2icwt. require a cable 6 inches in cir- 
cumference, what must be the circumference of a cable for 
an anchor of 18cwt.? Ans. 12 inches. 

Pros* XXI. — If the dimensions erf any surface be meas^ 
ured by a ckainy or a measuring rule^ Sfc* that is either 
too long or too short, and the area of the surface be 
computed from the erroneous measure ; then, to find the 
true area, 

RvLK. — As the square of the length of a true chain, or 
measuring rule, &.C., is to the square of the length of the 
chain, 6ic. used ; so is the area computed from the eiro* 
neou« measure or survey, to the true area required. 

Ex, Suppose a field, measured by a two rod chain 3 
inches too long, is found (from the erroneous measure) to 
contain 41 acres 1 rood and 33 square rods ; what is the 
true area of the field ? 

33ft. 3in.=:399in. Length of the chain used. 
33ft.=396in. True length of a 2 rod chain. 

? _U A. Risq.rd. A. R. sq.rd. 

Then, 396 : 399 :: 41 ..1 .. 33 : 42 .. .. 13+ Ans. 

Prob, XXft%-^?l[Jlg» the dimeThsions ff^^^^^^H^^ffM'^^'^^ 
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heen measured by a measuring ruh^ 4^, that is either 
tod long or too short, and the content of the solid com- 
puted from the erroneous measure; then, to find the 
true content* 

Rule. — As the cube of the length of a true measuring 
rule, &c., is to the cube of the length of that used ; so is 
the solid content coniputed from the erroneous measure, to 
the true content. * 

Ex. If a stick of timber be measured by a measuring rule 
supposed to be 2 feet long, but which is found to be only 
23.8 inches long, and the solid content of the stick, as cal- 
culated, from the erroneous measure, be 40 cubic feet; what 
is the true content ? Ans. 39+ cub. ft. 

Peob. XXIII. — To find the true weight of any thing by c^ 
pair of scales, the beam of which is unequally divided. 
Rule. — Weigh the given body, or quantity, in -each 

scale; then, the mean proportional between these two 

weights, ("found by Prob. 10th,) will be the true weight 

required. 

Ex. Suppose a bar of silver weighs 10 ounces in one 

scale of a false balance, and 12 ounces in the other ; what 

is the true weight ? 

Here VC12xlO)=10.954+ oz. Ans. 

Prob. XXIV. — The quantities of water that may run 
through two or more pipes of different diameters, in 
any given time, are directly, and the times in which 
any given quantity of water may pass through them,, 
are inversely, as the squares of the diameters of the 
pipes. • 

Ex, If If 120 gallons of water will run through a pipe 
of 2 inches diameter in 10 minutes, how many gallons will 
run through another pipe, of 3 inches diameter, in the same 
time? As 2x2 : 3x3 :: 120 gal. : 270 gallons, Ans. 

2. If a pipe, 1 inch in diameter, will fill a certain cistern 
in an hour, in what time will a pipe of 2 inches diameter 
fill the same cistern ? 

As 2x2 ; 1x1 :: 60min. : 15 minutes, Ans. 

3. If 100 gallons of water run through a pipe of 2 inches 
diameter in 8 minutes, what is the diameter of a pipe that 
will discharge the same (juantity in 2 minutCf bgle 
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As ^vnin. : Smin. :: 2x2in. : 16 in., the square of th0 
diameter. Thep, V16=4 inches, Ans. 

Prob. XXV. — To estiinate the distance of objects on level 
ground, or at sea, having only the height given. 

Rule. — 1. To the earth's diameter, (viz. 7930 miles, or 
41870400 feet,) add the height of the eye, and multiply 
the sum by that height; then, the square root of the pro- 
duct will be the distance, at which ah object on the surface 
of the earth or water, can be seen by an eye so elevated. 

2. To find the distance between two elevated objects, 
when a right line joining them touches the earth's surface ; 
work for each object separately, as above directed, and the 
sum of the distatices, thus found,will be the distance sought. 

Ex. Chimborazo, the highest peak of the Andes, and 
the highest mountain in America, is, in height, about 4 
miles above the level of the sea, and may be seen at a great 
distance, by a spectator on the Pacific ocean. How far 
may this lofty summit be seen by a spectator on the Pacif- 
ic, supposing the eye of the observer to be elevated 20 feet 
above the surface of the water, and no other mountain to 
intervene? 



V(41870400+20x20)=28938ft.==5.48+ miles. 

VC7930+4x4)=178.14+ miles. 

-' - 

Ans. 183.62+ miles. 

Prob. XXVI.— To estimate the height of objects on level 
ground, or at sea, hailing only the distance given. 
Rule. — From the given distance, take the distance 
which the elevation of your eye above the surface will give, 
found by Prob. 26 th. Divide the square of the remainder 
by the diameter of the earth, and the quotient will be the 
height required. 

Ex, Just Hsing from the sea I've seen. 
When station'd in the shrouds, 
< The lofty peak of Teneriffe, 

That penetrates the clouds — 
Just fifty leagues from it was I, 

My reck'ning being true, 
And from the water to my eye, 
• The feet were eighty- two^trzed by Google 



lil$C]iL£AN£OUS PROBLEMS. olO 

Suppose i\iei% obsertations jiist, 

To make the question brief. 
Above the level of the sea. 

How high is Teneritfe? 



. V(^§70400+82x82)=585fl5+ft.=l 1.097-1- nlile^. 

Now, 50 leagues= 150 miles, and 150—11.097=138.903. 
*rhen, (i38.903xl38.903)-^7930=2.433+ miles, the height 
of the peak of Teneriffe, Ans. 

Pbob. XXVII. — To measure the height of a trte^ or other 

object, ^ 

. RuLB.i*^Set lip a pole perpendicularly, the tength of 
which above the ground is known. Go to the foot of the 
tree, and make a mark in it at the height of your eye above 
the ground, and make a mark in the pole at the same height. 
Then go backward till you find such a station that your 
eye shall be exactly in a range with the top of the pole and 
the top of the tree, and also in a range with the niarks in 
the pole and tree. Measure the distance from that station 
to the foot of the pole, and also to the foat of the tree. 
Then, as the distance from your station to the foot of the 
pole, is to th« distance fijom the said station to the foot of 
the tree ; so is the hdght of the pole above the mark, to 
the height of the tree above the mark. Then, add to the 
height so found, the distance from the mark in the tree to 
the ground, and the sum will be the true height of the tree. 
Note, — If the tree is not perpendicular, but leans, let the 
s, pole be placed parallel to it, and the same process will give 
its length. 

Ex, What is the height of a tree, when, if jrou set up a 
perpendicular pole 120 feet. above the ground, and take 
such a station that your eye is in a r^nge with the top of 
the tree and the top of the pole, your eye is 5 feet from the 
ground, and your station 10 feet from the pole, and 64 
feet from the tree? 

As 10 : 64 :: 15ft. : 96ft. Then, 96+5=101ft. AnSr- 

pROB. XXVIILr^TT^» the magnitudes and densities of 
two or more bodies are given^ to find their relative 
weights, or quantities of matter, » 

Rule.-— Multiply together the numbers which denote' 
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the magnitdde and density of each body, and ihe produdC^ 
will show the relative quantities of matter which they con-' 
tain. 

Ex. If the magnitude of the earth be to that of the mot>xf 
as 50 to 1, and the density of the former to that of the lat- 
ter as 4 to 5, what is the ratio of their quantities of matterf 

Here 50x4=200, and 1x5=5 ; therefore the quantity of 
matter in the earth is to that in the moon, as 200 to 5, or 
as 40 to 1, AnB. 

Prob. XXIX. — Motion of bodies, with their Velocities^ 

If the quantities of matter in any two or more bodies^ 
put in motion, be equal, the forces by which they are moved 
will be in proportion to their velocities, or swiftness of 
motion. 

If the velocities of the bodies be equal, the forces will 
be directly as the quantities of matter in the bodies^ that 
is, as their weights. 

If both the quantities of matter and the velocities be un^ 
equal, the forces with which the bodies are moved, will be 
in a ratio compounded of their quantities of matter and 
velocities. 

Ex, 1. Suppose the battering ram of Vespasian weighed 
600001b. ; that it waa moved at the rate of 24 feet per se- 
cond of time, and that this was sufficient to demolish the 
walls of Jerusalem : with what velocity must a cannon 
ball of 421b. weight have been moved, to have done the 
same execution ? . 

Here the forces are equal, and therefore the velocities 
are inversely as the weights of the bodies ; viz, as 421b. : 
600001b. :; 24ft. : 3428^f feet per second, Ans. 

%, There are two bodies put in motion, one of which 
weighs lOOlb., the other 601b. ; but the less body is im- 
pelled by a force 6 times as great as the other : The pro- 
portion of the velocities wherewith these bodies move i» 
required. 

Ans. The velocity of the greater body is to that of .,th« 
Ie«i8 as 1 to 10. 

Digitized by VjOOQIC 
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Pros. XXX.' — Of (jhravity. 

All bodies possess the attraction of gravitation in pro- 
portion to^, the quantities of matter which they contain. 
This principle of attraction causes the weight of bodies on 
the earth's surface. 

As the form of the earth is very nearly that of a globe, 
it is evident that a body placed at the earth's centre would 
be attracted equally in every direction, because it would 
be surrounded on all sides by equal portions of the earth ; 
and' consequently the body would there have no weight. 

From the earth's centre to its surface, the weight of 
bodies increases,, in proportion to the distance from the 
.centre ; and above the surface their weights decrease^ in a 
duplicate ratio, or as the squares of their difitancea from 
the earth's centre increase. 

Ex. 1. If a body weigh 1001b. at the earth's surface, 
what would it weigh, if placed 793 miles below the sur- 
face, supposing- the semi(Uameter of the earth to be 3965 
miles? As 3965 : 3965^793 :: 1001b. ; 801b. the Ans. 

2. |i a body weigh 41b. at the surface bf the earth, what 
would it weigh at the distance of 3965 miles above the 
(earth's surface, or 2 of the earth's semidiameters from th^ 
-centre? 

3965+3965=5:7930 miles, the distance from tbe centre^ 
Then, as 7930x7930 : 3965x3965 :: 41b. ; lib. Ans. 
Or, as 2x2 the square of 2 semidiameters ; Ixl the square 
ot 1 semidiameter :: 41b. : lib. the ans., as before. 

3. If a body on the surface of the earth weigh 1801b., at 
what distance from the earth^s centre must it be placed, to 
make its weight only 201b.? 

. Ans. Either at 3 semidiameters, or J of the earth's semi*- 
diameter from the centre. 

Note 1.— The weight of a body at the surfaces of two 
different planets, is as the products of the diameters and 
densities of the planets. 

4. If a stone weigh lib. at the surface of the earth ; re» 
quired its weight at the surfaces of the sun and the several 
planets, whose diameters and densities are given below. 



Sun 

Proportional densities, 100 
Piaiweters 'm mil^s, 883246 



Jupiter. 
78.5 
8917Q 



Saturn. 

36 

79042 



Earth.iMoon^ 
392.5 464 
7930 j 2180 
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'883246x100 1 ,, f 28.371b. at the Sun. 

2180x464 J L .321b.attheMoon 

Note 2. — The forces with which two planets attract each 
other, are directly as the quantities of matter in the plan-> 
ets, and inversely as the squares of their distances. 

5. If the quantity of matter in the earth be to that in the 
moon as ^ to 1, and the distance of the centres of these 
planets be 240000 miles ; whereabouts between them are 
their attractions equal to each other? , 

This question may be solred as follows : As the sum of 
the square roots of their quantities of matter : is to the 
square root of the quantity of matter in the earth :: so is 
the distance of their centres : to the required distance from 
the earth's centre. » 

Now, V40=6.324555, and ^1=1. Then, as 6.324555 
+1 : 6.324555 :: 240000 miles : 207233 miles, the distance 
from the earth's centre, Ans. * 

6. If the attraction of the moon raise a tide on the earth 
6 feet, what will be the height of a tide raised by the earth 
on the surface of the moon, under similar circumstances, 
supposing their diameters and quantities of matter as be- 
fore stated? 

The effects which the attractions of these bodies have 
on each other's surfaces, are directly as the quantities of 
matter contained in the bodies, and inversely as their di- 
ameters. Therefore, 
1 ' 40 ? 
^^ 7930 ' 2180 ^ ** ^^^' * ^ ^^^^ nearly, Ans, 

Prob. XXXI. — Of the effects of Light and Heat. 

The effects or degrees of light and heat are reciprocally 
proportional to the squares of their distance^ from the cen- 
tre whence they ar^ propagated. 

Ex. If the distance of the planet Mercury from the Sun 
be 36 millions of miles, and the Earth's distance from the 
ISun 95 millions, the degree of light and heat received by 
Mercury, compared with that received by the Earth, is ren 
quired. 

A? 3^X36 : 95X95 :: 1 : 7 «early.^Ap,^,^Jog»^^ 
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Prob. XXXII. — To measure any height^ hv the time in 
which a heavy body will fall from it to me ground. 

RT7LE.*-r-MultipIy the number of seconds in the given 
time by 4, and the square of the product will be the space 
fallen ihrougb* in feet. 

Note. — The reverse of this rule will give the time in 
which a heavy body will fall through a given space. 

Ex. 1. I dropped a stone from the top of a perpendicu- 
lar precipice, and found that it descended to the bottom in 
three seconds : Required the height of the precipice ? 

Ans. 144 feet. 

2. Ascending bodies are retarded in the same ratllD that 
descending bodies are accelerated ; therefore, if a ball, 
discharged from a gun, return to the earth in 12 seconds, 
how high did it ascend ? 

The ball being half the time, or 6 seconds, in its ascent ; 
therefore, 6x4=24, and 24x24=576 feet, Ans. 

3. There is a steeple in Salisbury, in England, which is 
jEibout 400 feet high : In what time would a bullet fall from 
the top of this lofty spire to the bottom ? ^ 

V400=20, and 20-i4=5 seconds, Ans. 

Prob. XXXIII. — To find the velocity acquired by a falling 
bodVf per second^ (or by a stream of water, having the 
perpendicular descent given^) at the end of any given 
period of time. 

Rux.E« — ^Multiply the perpendicular space fallen through 
bv 64, and the square root of the product is the velocity 
required. 

. Or, the velocity acquired at the end of any period of 
iime, is equal td twice the mean velocity with which it has 
passed during that period. 

* It has been ascertftined, by eiperiments, that heavy bodies, near the 
surface of the earthy fall 1 foot in the first quarter of a second, 3 feet tb« 
second quarter, 6 feet the third, and so on ; and hence the velocities 
acquired by bodies in falling, are found to be proportional to the sqaarjoy 
«f the times in which they fall. 

Pd? n ^ 

Digitized by LjOOQIC * 
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Ex, 1. If a ball fall through a ipace of 4tl f«et in 5J sc* 
^onds, with what velocity will it itrike? 

Here V(484x64)=s:176 feet per second, Ana. 
Or, (484-i-5.5)x^=176 feet, the answer, as before. 
2. There is a sluice, or flume, one end of which is a foot 
lower than the other : Whs^t is the velocity of the stream 
per^ second ? Ans. 8 feet. 

PaoB. XXXIV. — The weight of a body, and the space falU 
en through^ being given, to find the force with which it 
will strike. 

RuLC* — Multiply the weight of the body by the velocity 
with which it will sfrike, (found by Prob. 33d,) and the 
product will be the momentum, or force with which it wiH 
strike. 

Ex. If a rammer, used for driving the piles of a bridge, 
lireighs 45001b. and falls through a space of 9 feet, with 
what force does it strike the pile ? 

V(9x64)x4500=1080001b. momentum, Ans. 

Prob. XXXV. — To find the quantity of pressure against 
a sluice, or bank, which pens water. 

RcjLE. — Multiply the area of the sluice, underwater, by 
the depth of the centre of gravity, (which is equal to half 
the depth of the water,) in feet, and that product again by 
02^, (the number of Avoirdupois pounds in a cubic foot of 
fresh water,) or by 64.41b. (the Avoirdupois weight of a 
cubic foot of salt water,) and the product will be the num-. 
ber of pounds required. 

Ex. 1. Suppose the length of a sluice or flume to be ZO 
feet, tlie width at the bottom 3 feet, and the depth of the 
wa't^^ ffP^j what is the pressure against the side of the 
sluice?^ 4 

30Xf^90 square feet, the area of the bottom. Then, 
90x2 (the depth of the centre of gravity) gives 180 cubic 
feet, and 180x62.5=11 2501b. Ans. 

JVote.— The perpendicular pressure of fluids on the hot- ' 
ioms of vessel?, is eWtimatcd by the area of the bottom mul- 
tiplied by the altitude of *e fluid. 

g. Suppose a resselis 3 feet wide, i foet leig, a^dj|feet 
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high ; whiat is the pressure on thtf hotiom, it beinj; filled 
with fresh water to the brim ? 

3x5=15 square feet, the area of the bottom. Then, 16x 
4=60 cubic feet, and 60k62.5=37501b. Ans. 

Prob. XXXVI. — To find the length of a pendulum that 
will swing in any given time* 

Rule. — Multiply the square of the number of seconds in 
the given time by 39.2, and the product will be the length 
required, in inches. 

Note, — The converse of this rule wHl give the time in 
which a pendulum of any given length will swing. 

Ex. 1 . Required the length of a pendulum that will vir 
brate in half a second ? 

.5x.5=.25, and 39.2x.25=9.8 inches, Ans. 

2. There are two pendulums ; one of which will swin^ 
once in a second, and the other once in two seconds : Re-- 
quired the length of each ? 

Ans. 39.2 inches, and 156.8 inches. 

3. How often will a pendulum that is 9.8 inches in length 
vibrate ? 

V(9.8-h39.2)=.5 sec. Ans. Once in half a second. 

Prob. XXXVII. — To find what weight may he raised or 
balanced by any given power with a lever, 

Ri7LE. — As the distance between the body to be raised 
or balanced and the fulcrum or prop, is to the distance be- 
tween the prop and the point where the power is applied ; 
so is the powerj to the weight which it will balance. 

Note, — No allowance is here made for the weight of the 
lever, which ought to be done in order to obtain the exact 
answer. 

Ex. 1. If a man, whose weightMs 1601b., rest on the 
end of a lever, 100 inches long, what weight will he balance 
on the other end, if the prop be 10 inches from the said 
weight? As lOin. :: 90 : 1601b. : 14401b. Ans. 

2. At what distance from a weight of 14401b. must a 
prop be placed, so that a weight of 1601b., applied 90 inch-* 
$s from the prop, will balance it? 

^s 14401b. : 1601b :: 90iHj : l(]^in<^K?ft, Ans, 



i»fef^ 
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3. If alevcir be 100 inches long, what weight lying on 
the lerer, 10 inche3 from one end resting on a pavementt 
may be moved by means of a force of 1601b. lifting at the 
other end of the lever? 

As lOin. : lOOin. :: 1601b. : 16001b. Ans. 

4. What weight, hung at 30 inches distance from the 
centre of motion of a steel-yard^ will balance a barrel of 
pork weighing 2401b., freely suspended at 2 inches distance 
from the said centre, on the contrary side ? Ans. 16)b. 

Prob. XXXVIII. — To find what weight may he raised by 
any given power, with a ivheel and axle. 

Rule.— The proportion for the wheel and axle, (in which 
the power is applied to the circumference of the wheel, 
and the weight is raised by a rope, which coils about the 
axle as the wheel turns round,) is, as the diameter of the 
axle : is to the diameter of the wheel :: so is the power ap- 
plied to the wheel : to the weight suspended by the axle. 

Ex, 1. Suppose the diameter of the wheel to be 60 inch- 
es, and that of the axle 6 inches ; what weight at the axle 
will balance llib. at the wheel ? 

As 6in. : 60in. :: lib. : 101b. Ans. 

2. A mechanic would make a windlass in such a manner, 
as that 21b. applied to the wheel, shall just balance 201b. 
suspended from the axle ; now, supposing the diameter of 
the axle to be 4 inches, what must be the diameter of the 
wheel? As 21b. : 201b. :: ^n. : 40 inches, Ans. 

Peob. XXXIX. — To find what weight may he raised hf 
any given power with a screw. 

Rule.— As the distance between the threads of the screw, 
is to the circumference of a circle described by the power 
applied at the end of the lever ; so is the power, to the 
weight required. 

Note 1 . — ^At a medium about one-third part of the effect 
of the machine is destroyed by friction. 

Note 2. — The reverse of the above rule, will give the 
power that mus\ be applied to the end of the lever, to raisft 
s^ given w^iffhi. 

Digitized by CjOOQIC 



UI8CBLLANE»«S PfiOBLBMS. 357 

Ex. 1. Tliere is aUcre^V' whose threftd^ are an ineh a-" 
sunder; the lever by which it ia turned is 30 inches long, 
and the weight to be raised is 22401b.; What powder or force 
must be applied to the end of the lever, sufficient to turn 
the screw, that is, to raise the weight? 

The length of the lever being the semidiameter of the 
circle, the diameter is CO inches, and the circamference 
3.1416x60=188.496 inches: Therefore, as lS8.496in. : 
lin. :: 22401b. : 11.881b.+ Ans. 

2. Let the lever be 30 inches long, (which will describe 
a circle 188.496 inches in circumference,) the threads of 
the screw an inch asunder, and the power 11.881b,: Re- 
quired the weight to be raised? 

As lin. : 188.496in. :: 11.881b. : 22401b. nearly, Ans. 

3. Let the power be 11.881b., the weight 22401b., and 
the threads of the screw an inch asunder, to find the length 
of the lever. 

As 11.881b. : 22401b. ;: lin. : 188.5+in. Then, tt 3&5 
: 113 :: 188.5in. : 60 inches, nearly, the diameter of the 
circle ; and hence the length of the lever is 30 inches, Ans. 

Prob. XL. — To find whether any given year is a leap 
year^ or notf according to the present style, 

''Rule.— Divide the year of our Lord by 4, and if the 
division terminates without a remainder, the year is a leap 
year ; otherwise it is a common year, and the remainder 
phows what year it is after bissextile or leap year. 

But when the given number of years has two or mora 
ciphers at the right hand, you must reject two ciphers at 
the riglit hand before you divide by 4; and then the re- 
mainder, if any, will show w^hat century it is after a cen- 
tesimal leap year. ' 

Ex. Required to find whether the years 1800 and 1820 
were leap years, or not. 

4)18|00(4 4)1820(455 

Rem, 2 ^ 

So, it is found that the year 1800 was a common year, of 

365 days, and the year 1820 a leap year, of 366 days. 
In like manner it is found that the year 1817 was the 

first, and the year 11^0 the second after bissextile^ 
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Prob. XLl.*^To find the Dominical Letter* for ani^ given 
year, according to the present style. . 

Bi;le. — i. To find the Dominical Letter for any year 
of the present century: Add to the year of our Lord, a 
fourth part of itself, omitting fractions, if any ; then divide 
tl^e euro by 7f and the remainder will be the index of the 
Dominical Letter for that year ; the indices, or numbers of 
the letters, l)eing as given below. 

2. To find the Dominical^ Letter for any year of the 
Christian Era : Divide the number "of whole centuries by 
4y and set down what remains as well as the quotient. To 
2 times the said quotient add the remainder, if any ; then 
subtract the sum from the given year of the Christian Era; 
to the remainder add a fourth-part of the said year, omit- 
ting fractions j divide the sum by 7, and the remainder will 
be the iadex of^ the required letter. 

NotCp — In every leap year there are two Dominical Let- 
ters ; that is, the one found by the above rule, wili be the 
Dominical Letter in March, April, and the subsequent 
inonths, and the next following letter, according to the or* 
der of the alphabet, in January and February. 

Letters, A, B, C, D, E, F, G, 

Indices, & 6, 5, 4, 3, 2, L 

^ 4)1830 

Ex. 1. To find the Dominical +457 

Letter for A. D, 1S30, 

Ans. C. 7)2287 

326.*5Rem. 

% Required the Dominical Letters for the year 1796, 
this being a leap year, 

* The DominicfiU LetUrif are the first seven letters of the alphabet. The 
letter A is supposed \o be aoneied to the first day of the year, in the 
Calendar ; B to the second day, and so oo ; aiid the letter which hap- 
pens to falVoD (be first Sabbath in the year, is called the Dominical lit' 
itr for that year. But, as each month invariably begins with Ji nertaio 
letter, there are two Dominical Letters in every leap year ; the Domin- 
ical Letter in 'January and February being different from thfit for tb# 
snbsecjaeoC mooths. 
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4)lt No. of whole centuries. 4)11(96 

.^-^ ^ —13 

4 ... 1 Remainder^ *— 

3 1783 

. +449 

13 To be subtracted from 1795. -— — .^ 

7)3233 

Ans; B and C. " 

318 ... 

Paob. Xhlh'^To find what pear of the Julian Period 
corresponds with any given year, 

RifLH.— Add 710 to the year of the World, or 4713 to 
the year of the Christian Era, and the sum will be the ap-* 

swer. ' 

JEx. 1. What year of the Julian Period answers to A. TJf^ 
1831? Here 1831+4713^6544, Ans. 

2. The Israelites departed from Egypt in the year of the 
world 2513 J what year of the Julian Period was that? 

Ans. The 3223d^ 

Pkob. XLIU.—Tofind the Cycle of the Sun, Cycle of the 
Moon, or Golden Number, and Jndiction, for any given 
year. 

Rule.— Find (by Prob. 42d) the year of the Julian Pe- 
riod which corresponds with the given year;' which divide 
by 28 for the Solar Cycle; by 19 for the Golden Number^ 
and by 15 for the Indiction, and the several remainders^ 
will be the numbers required ; but, if nothing renunn, the 
divisor will be the number tsought. 

Ex. Required the several cycles in A. D. 1831. 
1831 +4713=^6544, the year of the Julian Period* 
38)6544(233 19)6544(344 15)6544(436 

Rem. 20 8 4 

Solar Cycle. Golden Numben lndictioii# 

Prob. XLIV. — To find the Epactfor any given year, ac^ 
cording to the present style. 

RciiB, — Divide the given year of the Christian Era bjr 
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19 ; mnltiply what remains by 11^ and if the product d^es 
not exceed 30 it is the epact required ; but if it exceeds 
3D, divide it by 30, and the remainder will be the epact. 



Ex. 1. Find the epact for the year 1831. 
19)1831(96 7 

ni 11 



121 30)77 

114 — 



2-* . . 17 The epact, Ans* 
Tft«m. 7 
a. What was the epact in A. D. 1824? km. 0. 

PftOB. XLV. — To find the times of the New and Full Moon, 
and of the First and Last Quarters^ in any given month. 

Rule. — To the epact for the given year add the number 
tinn^xed to the naipe of the given month in the table below; 
subtract^ the sum from 30, for the time of netv-moon ; from 
15, for ihej full ; from 7, for the first quarter, and from 
22, for the last quarter; and the several remainders will be 
the days of the month in which the respective changes or 
phases happen.* 

For Jan. add For May, add 
Feb. 2 June, 

March, July? 

April, 2 August, 

iVofc»— If the subtrahend (or number to be subtracted) 
be greater than the minuend ; add as many 30V to the min- 
uend as may be necessaiy to make it exceed the subtrahend, 
and then subtract as before. 
Ex. Fop May 1830. 

The epact for the year 1830 is 6, and the number to be 
added to it for May is 2, which makes 8. Then, 
30 — 8=^22d day, the time of new-moon. 
15 — 8= 7th day, do. of full-moon. 
' 7-f30— 8=29th day, do. of the Ist quarter* 
22 — 8^14th day, do. . of the last quarter. 

^ • ■■ M W 1- .m^ i-.i .. .. PI ■ .1 " ■ ■ ■■ .. ■ < ■ — ■ ■ I ■— - . *i^ 

* This method of calculating the moon's phages is by no mefinsesact 
It nriji; hou every generally give the daysXa which Hie changes happen. 
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MISCELLANEOUS QUESTIONS FOR EXERCISE. 

1. Th|$ difference of two numbers is 88, and ihe less 
number is 114: whatis thegreaternumber? Ans. 202. 

2. What number subtracted from 1000 will leave 210 
for the remainder ? Ans. 790. 

3. The product of two numbers is 22440, end one of 
them isJ20: what is the other number? Ans. 187. 

4. If it be supposed that as many persons die in the world 
in 33i years as are equal fb the entire population, how 
many die each hour, at an average, supposing the whole 
Bfpulation to be 650 millions, and the year to consist ot 
S35 days, 6 hours ? Ans. 2224-f 

5. How much time, in the cou^e of 12 years, does a 
person, who rises at 5 o'clock in me morning, gain over 
another who continues Jn bed till 7, supposing both to re- 
tire to rest at the same hour ? Ans. 1 year. 

6. If the human heart beat 70 times in a minute, and 
each pulsation transmit 4 Avoirdupois ounces of bloody 
and the whole blood be one-twentieth part of the weight 
of the body, in what time will the whole blood of a man, 
whqse'^^^ight is 1401b., circulate through the heart? 

Ans. 24 secQuds. 

7- The latitude of St. Petersburgh, th(f capitol of Rus- 
sia, is 59 degrees^ 56 minutes, north ; that of London is 51** 
3r N., andthat of Montreal, in Lower-Canada, is 45° 31' 
N. How many statute miles is St. Petersburgh horth of 
the latitude of London, and how many miles is Londpn 
noi;th of the latitude of Montreal ? 

Ans. St. Petersburgh is 582H^^^» north 6f the lati- 
tude of London, a^d London is 415i miles north of the 
latitude of Montreal. 

8. An American silver, dollar weighs 15i-fJ drams, A- 
voirdupois, ajid a cent weighs just half af much as a d^lax. 
What IB the value of an Avoirdupois pound of copper at 
that rate? Ans. 3^ cents, 61^3- mills. 

' 9. In the United-States, a Troy ounce of standard gold 
is worth 81 7 J, and a Troy ounce of standard silver $ltV* 
Required the value of an Avoirdupois ounce of each of 
these Mfletals? f 

'\y,^ S Value of an Avoirdupois ounce of gold $ldH* 

^^-l Do. - U^M^rttn-^. 
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10. In the year 1827, the British government owed abdtxt 
L900,000,000, sterling, and the pound sterling is equal ta 
3oz, 17pwt. lOgr. of silver. How many Avoirdupois tons 
of silver would this sum make, and how long a string of 
wagons would it take to carry the whole, a ton at a load, 
allowing 3 rods to each wagon and horses ? I would also 
know how long it would take to count the money, in dol- 
lars, reckoning without intermission 12 hours a d^y, at the 
rate of 60 dollars a minute, and 3651 days to the year? 

C The weight would be 106645 tons, 8cwt. 18f lb. 

Ans. < The distance 999 miles, 6 furlongs, 16 rods+ 

^The time 253 years, 184 days, 4h. 6min.40sec. 

IL From 8 leagues, subtra'ct 20 miles, 20 furlongs, 20 
rods, 20 yards, 20 feet, 20 inches and 20 barley-corns, 
without reducing any of the numbers to other denomina- 
tions.* Ans. 1 mile, Sfur. 14rd. 5yd. 1ft. 9in. lb. c. 

12. Suppose I would, put 520 bushels of apples into 
casks, containing 3 bushels and 1 peck each ; how many 
casks must I procure I Ans. 160. 

13. If a cow yield 15 quarts of milk a day, for 240 days, 
and 20 quarts of milk make lib. of butter; how much 
butter may be thus obtained in the season, and what does 
it amount to at 15 cents a lb.? 

Ans. Weight l&mh.; value $27. 

14. A gallon, Dry Measure, contains 268|- cubic inches, 
and a gallon,Wine Measure, 231 cubic inches. How many 
bushels of corn can be put into a cask that will hold just a 
barrel, or 31i gallons, of wine? ' . 

Ans. 3 bush. Ipk. 4-3Vqt. 

15. A butcher laid out $900 for cattle: he bought o^en 
at $40 each, cows at $15, steers at $14, and calves at $6; 
and an equal number of each. How many of each sort did 
he purchase? Ans. 12. 

10. A farmer carried a load of produce fb market: he 

* In perroraving compound sabtractioo, when we have oocatioD fo 
borrow, we nsually borrow as many of lhe> denomination wbicb we 
would subtract as make 1 oftbe next higher; but, when it is necessary, 
we may borrow as many of the lower denomination as make'i2, 3, or 4, 
&c. of the next higher, and then Carry accordingly to the said higher 
denomination. Thus, in example 1 lib, in order to snbfract the 20 bar* 
ley corns, borrow 21 barley-r>nrn9, which «r6 eqtjal to 7 inches j then 
subtract, aad aarry 7 (• th« 20 iB«h«S| and so proeeed. 
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«old 52'Mb. of pork, at 7 cents a pound ; 1751b. of cheese, 
at 8 cents a lb., and 2151b. 12oz. of butter, at 15 cents a lb.: 
in pay h© received 14 J^ yards of cloth, at 87^^ cents a yard ; 
401b. of sugar, at cents a lb.; 10 bushels of salt, at 62 1- 
cents a bushel ; and the balance in money : how much 
money did he receive? Ans. $60,715 

17. A merchant bought a quantity of goods in New-York 
for $500f and paid $43 for their transportation ; he sold 
them so as to gain 24 per cent, on the whole cost : for how 
much did he sell them? Ans. $673.32 

18. Bought a book, the price of which was marked $2.- 
Ifc, but for cash the bookseller sold it at 883 per cent, dis- 
count: what was the cash price? Ans. $1.50 

19. What is the eum of the third and half third of $1 ? 

Ans. 50 cents. 

20. What is the difference between six dozen dozen and 
half a dozen dozen ? Ans. 7d2. 

21.* From ninety take forty, 

From forty take ten; 

Subtract six from sixty, 

And what remains then ? Ans. 154. 

22. What number is that, which being divided by f , the 
quotient will be 12^-^? Ans. 5^. 

23. A person who owned f of a vessel, sold 4 of his share 
for $1200: what was the value of the vessel, at that- rate? 

Ans. 84000. 

24. What part of 10 cents is f of 4 cents ? Ans. /V' 

25. If the third of six be three. 

What will the fourth of twenty be? Ans. It- 

26. If 2 be 3, and 3 be 5, and 5}^ be 11 ; 
What is the i of 26, and the i of 2r? 

Ar2: 3^ ^ 

3 : 6 > :: "V^ : 65=^ of 26, according to the que^. > Ans. 
Bi^ : 11 ) Then, as 13 : 65 :: ^ : 45=1 of 27. ) 

* The poetical questions in this collection, nre lake* from other book««, 
ft will be seen that some of these questions are very ordinary composi- 
tions of poetry ; but, as they are in oih^r r«5perAs ingeoious qije^hon^t, 
calculated to instructf ai well as amuse (he eludent, 1 have (hnught 
proper to insert them. 
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3?« Whereat an eagle and a cent 

Jttf t three score yards did buy, 
How many yards of that same eloth 
For ninety dimes had I ? An». 63.944* 

2j9. If from a staff just four long, 
A shadow five is made, 
What is the steej5le's height, in yards, 

That's ninety feet in shade ? Ans. 24yd». 

29. If the forward wheels of a waggon be each 14 feet, 
6 inches, in circumference, and the hind wheels 15 feet, 9 
inches, how many more times will the former turn round 
than the latter, in running from Boston to New-York, the 
distance being 248 miles? Ans. 71 67 g^a* times. 

30. A ship has a leak which will filf it so as to make it 
sink in 10 hours; it has also a pump which will clear it in 
15 hours: now if the crew begin to pump when the ship 
begins to leak, in what time will it sink? 

In 1 hour the ship would be i^r filled by the leak, but in 
the same time it will be -fV emptied by the pump; there- 
fore, it will be -^ — -h^fo filled in 1 hour; and conse- 
quently it will sink in 30 hours, Ans. 

31. A person, looking on his watch, was asked the time 
of day, who answered, it is between 5 and 6 o'clock; but 
a more particular answer being required,, he said that the 
hour and minute hands were then exactly together. Wha^ 
was the time? 

The velocities of the two hands of a watch, or a clock, 
are to each other as 12 to 1 ; the minute hand performing 
12 revolutions in 12 hours, and the hour hand but one ; 
and consequently the former performs, in 12 hours, 11 rev- 
olutions more than the latter. Now, it is obvious that 
whenever the hour and minute hands are exactly together, 
except at 12 o'clock, the number of entire hours past 12, 
must be equal to the difference between the numbers of the 
revolutions performed by the two hands since 12 o'clock : 
Therefore, as the difference 11 : the dif> 5 :: 12 hours i 5 
hours, 27ift- minutes, the time required. 

32. As I was hunting, on the foreet grounds. 

Up sprang a hare, before my two grey-hounds; 
The dogs, being swift on foot, did fairly run, 
VMte her fifteen rods just twenty-one; 

• Digitized by VjOOQ IC 



HI8CBL]>AKI0ITS <llfi»TIONS. 36S 

The distance which ^he started up before, 
Was four-score thirteen ro3s, just, and no more : 
Now, tliis I'd have yen unto me declare, 
How far they ran before they caught the hare ? 

Ans. 325^ rods. . 
33. k and B are on opposite sides of a (^cular field 268 
rods in circiimference ; they begin to go round it, both the 
same way, at the same instant of time ; A goe% 22 rods in 
2 minutes, and B 34 rods in 3 minutes : how many times . 
will they go round the field before the swifter will over- 
talce the slower? Ans. A 161 times, and B 17 times. 

34, "Some sportsmen, Jiaving placed a fox 100 yards 
iistaiit from some hounds, let them all start together ; and 
the hounds ran 2^ times as fast as the fox : I demand hbw 
far the fox ran before the hounds overtook him ? 

As 2J — 1yd* gained by the hounds : 100yd. the whole 
diiSftance to be gained :: 1yd. run over by the fox : 66f 
yards, the anewer^ 

35. A frigc^te pursues a ship at 8 leagues distance, and 
sails twice as fast as the ship : how far must the frigate 
sail before she will come up with the ship ? 

Ans. IB leagues. 

36. A can perfoijm a certain piece of work in 3 days; B 
can do the same in 4 days, and C in 5 days : In what time 
will all three finish it, working together ? 

It is evident that A can perform i, B i, and C i, of the 
l-equired tirork in 1 day ; and consequently all of thetn to- 
gether can jjerform ^-f-i+i=io^ o^ the work in 1 day. 
Therefore, as' tf of the work : 1, the whole :: 1 day : !{-? 
day, Ans. . 

37. If a stddler %^ make a saddle in 1 day, his joiffney- 
man 2 saddles in 3 days, and his apprentice 1 saddle in 3 
days, how long* will it take all of them together to make 
a do2sen saddles ? * 

, l-f.f-f-J=2i the number of saddles that all of them can 
make in one day. Then, as 2 saddles : 12 saddles :: 1 day 
; 6 days, Ans. 

38. A and B, together, can do a certain piece of work in 
^ days ; with the assistance of C they can do it in 12 
days : In what time could C do it by himself? 

It is evident that C can do as much in 12day:i at A and 
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B, together, can in 8 day* : Tkerefore, as 8 days : 20 days 
:: 12 days : 30 daya. Ana. 

39. If 6 men, haring each 6 degrees of strength and 4 
degrees of activity, build a wall 20 feet long, 6 high, and 
4 thick, in 2 days, when the day is 10 hours long ; how 
many men, having each 4 degrees of strength, and 8 de- 
grees of activity, ^ust be employed to build another walU 
200 feet long, 8 high, and 6 thick, in 10 da^s, when the day* 
is 12 hours Wg ? Ans. 15 men. 

40. If 14 men in 16 days build 16 rods of wall, 

How many men must added be to do it in 2, that's all? 

Ans. 91. 

41. If 50 cents buy 15 pounds of bread that's made of rye. 
How many loa vesr of 6 pounds each will four score ea- 
gles buy? Aiis. 4000. 

42. If 30 cents and 90 dimes buy 50 pints of wine, 
What is the cost of 60 quarts in current Federal coin? 

Ans. $22.32 

43. If 18 dollars and a dime, for 13 weeks supply 

For meat and drink, that is my board, how much a day 
give I? Ans, 19|i cents. 

44. If 5 pounds of ginger cost 58 cents, ' 

Ilow i^any pounds, in New-Englantt, for 92 pence ? 

Aiifk llTfrlh, 

45. My sister's years are just to mine, 
4s forty-six to sixty-nine — 

And if you multiply them o'er. 
The product's six times sixty-four; 
Show thou our ages unto me. 
And I thy wedded wife will be — 
All other proffers are in vain, 
No other shall that favor gain. 

Ans. 16 years the younger, 24 the elden 

46. When first the marriage knot was tied 

Between my wife and me, 
My age, in years, was to my bride's. 

As three tinjes three to three; * 

But now, when ten and half ten years,^ 

We man and wife have been, 
My age to her's exactly bears 

As tki-M tiMM six U nine ; ^^-^6 by Google 
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Now tell, I pray, from what I've gaid. 
What wer6 our ag^« whenwe wed? 
*^ { Thy age, when married, must hav^been 

( Just forty-five ; thy wife's fifteen. 
47. If a half and a third to my age added be, 

With a complement number of twice twenty-three^ 
One hundred and one the sum would then be — 
The age of the Author pray show unto ipic^? 

48. A market woman bought |i certain number of eggs 
at 2 for a cent, and as many more at 3 for a cent — the eggs 
being mingled, she sold them all out at 5 for 2 cents, and by 
00 doing lost 5 cents. How many eggs had she ,? 

Ans. 300. 

49. The yearly interest of* Harriet's money, at 6 per 
cent, exceeds one-twentieth of the principal by $100, and 
she does not intend to marry any man who is not scholar 
enough to tell her fortune; pray what is it? 

An«. $10000. 

50. A man left to his three sons. A, B, and C, whose 
ages were 13, 15, and 17 years, $4500, to be divided in 
t^uch manner that the three parts being put (mi at simple 
interest, at 6 per cent., should amount to equal sums when 
the boys were respectively 21 years of age : I demand what 
each part must be? 

Solved by Single Position, as follows: Suppose that, 
when the sons were respectively 21 years of age, the sh^reT 
of each, together with the interest on the same, amounted 
to $1480 ; or, which is the samie thing, suppose the young- 
est son's share was $1000. Then, by Prob. II. Simple in- 
terest by Decimals, the two other shares are fouiia to be 
$108a235+ and $1103.548+. The sum of these three 
shares is $3281.783. Then, 



< 



$ $ (1000 1 1371 .20+ A's share 

As3281.783:4500::^ 1088.235: 1492.19+ B's do, J| 
ni93.548: 1936.59+ C's do. 

61. Old John, who had in credit lived, 
Tho' now reduced, a sum received ; 
This lucky hit's no sooner found, 
ThaB ehjpi'roiif duBs earn* iwanHJng I'.Q^^^ 
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To the landlord — baker — many more, 
John paid, in all, pounds ninety-four. 
Half what remained a friend he lent. 
On Joan and self one-fifth had spent ; 
And when of all these sums bereft. 
One-tenth of th' sum received had left; 
Now show your skills, ye learned youths, 
And by your work the sum produce. Ans. L14]. 
62, If my horse and saddle be worth $135, and the 
horse be worth 6 times as much as the saddle, what is the 
value ©f the horse ? Ans. $120. 

53. Two shepherds met upon their way, 
And thus one said, ('twas true,) 
"Give half thy flock of sheep to me, 

Then I'll have eighty-two." 
** Nay friend," the other soon replied, 

" Add but a third to mine. 
Of thy own sheep, then I shall have 

One hundred twenty-nine;" 
His answer being strictly true, 

No scholar will impeach ; 
Then by your knowledge show to me < 
How many sheep had each ? 
Solved by Double Position, as follows : First, suppose 
the less flock consisted of 18 sheep; then, by the question, 
(82 — 18)x2=128=the number of sheep in the greater fl.ock; 
to which add | of 18, and the sum, 134, is the first result ; 
which ought to be 12®. Secondly, suppose the less flock 
consisted of 30 sheep, and proceed as before, and the se- 
cond result is 1 14. Then, as 134—1 14 : 134—120 :: 30— 
18 : 3, the correction, which being added to 18, gives 21, 
the number of sheep in the smaller flock; and hence, 
(82 — ^21)x2=122=the number of sheep in the larger flock. 
54. Divide $40 between A and B, so that B's part shall 
be to A's as A's is to $40. 

Ans. A's part is,$24.721+, and B's $15.279— 
Note. — The last question may be solved by the rule giv- 
en at pages 288 and 289 of this Book. The answers to 
questions 55th and 56th may also be found by the same 
rule, or by trials ; and as these answers, when found, ma|r 
be easily proved, I shall not iiisert them.og zed by Google 



JM». A Buniber find, the cube of which, 
IncrensM hj half the square, 
Fire hundred taken from this sum 
Will leave just fotty^four. 
M. A farm containing 100 acres, and valued at $3600» is 
to be divided between two men, A and B. Now, the values 
ef the two shares are to be equal, but A is to have lus part 
set off where the land is worth $15 more per acre than the 
jcst of the farm^ How many acres will each part contain? 
67. A country clown addressed a charming belle, 
Who in both wit and learning did excel ; 
The youth, unskilled in numbers, as will sho>v, 
Desirous was the lady's age to kn6w — 
When she replied with a majestic air, 
With piei-cing words peculiar to the fair, 
**My age is such if multiplied by three, 
Two'-sevcnths of that product tripled be — * 
The square root of two-ninths of that is four, 
Now tell my age or never see me more." 

Ans. 28 years. 
Note. — Question 57th, and others of a similar nature? 
may be solved by taking the last, or final result, an^ revers- 
ing all the operations mentioned in the question. 

56. An army fought three battles ; in the first battle, half 
the men were killed, and half a man more ; in the second, 
half the remainder were killed, and half a man more; and 
in the third they lost half of what remained, and half a man 
more, when their number was reduced to 275. How many 
were there at first? Ans. 2207. 

59. The thitd part of an army wa^killed, the fourth part 
taken captive, and 1000 fled : How maftiy were killed, and 
1x0 w many taken captive ? ^- 

Ans. 800 were killed, and 600 taken prisoners. 

60. In a river, supposing two bdats stiart at the same 
time from places 300 miles apart ; the one proceeding up 
stream is retarded by the current 2 miles per hour, while 
that moving down stream is accelerated the same; if both 
be propelled by a steam engine, vrhich would move them 
10 miles per hour in still water, how far from each starting 
place will the boats meet ? 

It is evident that tht boat which goey dowa streain must 
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more 12 miles per hour, and the other boat 8; and that 
each hour will bring the boats 20 miles nearer each othen 
Therefore, 

AS ^ : rfuu :: ^ g^ . jgO miles from the lowerplace. 5 ^ 

61. Sold a quantity of goods for $475, and by so doing 
lost 5 per cent., whereas in trading I ou^t to have gained 
2& per cent. How much were the goods sold under their 
real value?- . Ans. $150. 

62. A man sold cloth at 75 cents per yard, by which he 
cleared i of the money; but finding the cloth better than any 
in market at that price, he raised his price to 90 cents per 
yard. What did he gain per cent, by the latter price ? 

Ans. 50 per cent. 

63. Suppose 220 apples were laid on the ground, 3^- yards 
distant from each other, in a. straight row, and a basket 
placed 16f yards from ojtie end of the row, in a right line 
with it ; how far must a person travel to gather the apples 
one by one into the basket I Ans. 100 miles. 

64. One Sessa, a native of India, having invented the 
game of chess, showed it to his Prince, who was so delight- 
ed with it that he promised him any reward he should ask ; 
on which Sessa requested that he might be allowed one 
kernel of wheat for the first square on the chess board, 2 
for the second, 4 for the third, and so on, doubling continu- 
ally to 64, the whole nuniber of squares. Now, supposing 
491520 of these wheat corns to make a bushel, what is the 
amount of all the wheat! 

Ans. 37,629,996,894,754 tliii bushels. 
65. A crafty young fellow, in numbers well skill'd, 
Once agreed with a. farmer to work iri*Kis fields, 
And for thirty years' service to take no reward , - 
But the wheat that should from one kernel be rear'd. 
Ten kernels from one, the first year, did grow — ' 
Those kernels, that season, the farmer did sow- 
Next season, these kernels one hundred did yield — 
One thousand next summer he got from the field. 
. From season to season, as each harvest came, , . 

For thii:ty fine summers, the increase was the same ; 
The last of these harvests the laborer had,^ 
And. thus, for his labor, most amply was paid, 
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If a bin should be made« of a cubical form, 
Large enough to receive all the kernels of corn. 
The depth of this bin, and i^s content pray tell, 
If one thousand nine hundred wheat corns make a gill t 

Ans. Depth of the bin 25903.696+ miles; its content 
2,055,931,052,631,578,947,368,421 iV bushels. 

66. If one pent had been put out at compound interest 
at the comijjencement of the Christian era, at such a rate 
per cent. ,fhat 'the sum should have doubled once in 15 
years, wh^t would the amount have been in A* D. 1815? 
And if the amount shoirfd be in a solid globe of gold, what 
would be the' diameter of this globe, supposing a cubic 
foot of gold to be worth $306066? 

Ans. Amount, $13292279957849168729038070602803- 
445; 76; diameter of the globe of gold 8^972.761 1+ miles ; 
and hence, this globe must be more than 1129997 times as 
large as the earth." ' • \ 

Note.— In the last question, the ratio is 2, and the number 
of terms 121. The last term of this series is the amount of 
the money in c^nts; and this term is the 120th power of 2, 
or the 40th'pbwer of 8, which rtiay be found in Table IY» 
To find the diameter of the globe of gold, divide the cubic 
feet of gold by .5236, (or divide the value of the gold, in 
dollars, by 160260.9216, the product of 306056 and .6236,) 
and the cub^ ro6t of this quotient will be the diameter in 
feet. . • 

67. Hierq,, j^ing of Sicily, ordered his jeweller to, make 
him a crown, containing 63 ounces of gold. The workman 
thought that substituting part silver was only a projpertper- 
quisite ; which taking air, the king requested the famous 
Archimedes to examine thq crown.; who, on putting it intQ 
a vessel of water, found it raised the fluid 8.2245 cubic 
ijtches; and having discovered that the cubic inch of gold 
weighed 10.36 ounces, ahji that of silver but 5.85 ouncea^ 
he fpund by calculation what part of the king's gold had 
teen changed. Required the quantities of gold and silver 
in the crown. • ' 
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63^8.2245=7.06-f«z., the ^^ oz. cub. In. 

weight of a oiibio inch of the 7 ^a ^ 10.36i 1.81 

crown. Then^byAlligatioii '*^ ^ 6.86^2.70 

Alternate, Case III. — 

Sum, 4.51 

4 AtLt mtMAB. S 1-81 : S.3007+cub. in. of gold. 

As 4.51: 8.2346:: J 3^(j^ 4^237+ do. of silver. 
iThcn, 3.3007X10.36=34.19525202. of gold > .„. 
Arid 4.9237X 5.85^28.803646 oz. of silver J ^°'* 

Th6 answer may also be obtained by Double Position. 

68. How m^ny di&rent whole numbers can be express* 
ed by the nine digits, without having th&same figure mose 
than once in the same number? Ans. 986409 numbers. 

Ngte* — To solve the last qnestioi), find by Prob. II. in 
Permutations and Combinations, how many different num- 
bers -of lone figure-i-of two figures — of three figures — «nd 
so on, to numbers of nine figures, can be made out of the 
^ine digits, and the sum of the several results, thus found, 
will be the answer. 

- 69* .The largest of the Egyptian pyramids is 499 feet 
high, and its base is 693 feet square,; the next less pyramid 
is 655 feet square at the base, and 398 feet high. ^ Hoir 
much ground is covered by each of these woaderful mon- 
uments ? 

, Ans. The largest covers 1 1 acres, 4 square rods, ai^d thier 
other 9 acres, 3 roods, 15AV» square rods. 

70. What is the area of a circular ring 3 rods bcoad, the 
inner drcumfercnce of which measures 356 rods ? 

, Ans. 6.83298 acres. 

71. *A Jtnap has a square garden, each side of which meas«- 
ures 20 rods, and a circular fish pond in the centre; the 
'diameter of which is 10 rods; how much ground has he? 

Ans. 2 acres, 1.46 sq. rods* 

72. What length of cart tire will it take to band a wheel 
5 feet in diameter? Ans. 15 feet, 8J- inches, nearly. 

73. The earth is a globe or ball, of about 7930 miles di- 
ameter, and the atmosphere, which surrounds it on every 
side, is supposed to extend about 45 miles from the earth's 
surface. How many cubic mOes does the atmospheric on* 
tain ? ' (I 

Digitized by VjOOQ IC 



' MISCELLANEOUS QUESTIONS. $73 

The diameter of the earth is 7930 miles, and that of the 
earth and atmosphere is 8020; the difference between the 
cubes of these numbers being multiplied by .5236, gives 
8991442983.6, the number of cubic miles in the atmos- 
phere. 

74. Required the ratio of the surfaces, and of the soliditiesTf 
of the earth and moon ; thef earth's diameter being 7930 
miles, and the moon's 2180. 

Similar superficies are proportional to the squares, and 
similar solids to the cubes of their likedimensions : There- 
fore, the 'magnitude of the earth is to that of the moon as 
the cube of 7930 to the cube olf 2180, or as 48.1 to 1, near- 
ly ; rfnd the area of the earth's surface is to the moon's as 
the square of 7930 to the square of 2180, or as 13.2 to 1, 
nearly. ' 

76. Required the length of a prop that will support a 
weak place in the perpendicular side of a building, 16 feet 
from the ground, and have the foot of the prop stand 6 feet 
from the bottom of the buiWing. 

Ans. 16 feet, 2 in. nearly. 

76. A certain house, standing on a plain, is 28 feet wide 
and 36 feet high, the top of the roof being 15 feet higher 
than the feet of the rafters. Jt is required to find the 
length of a ladder that will just reach from the ground to 
the top of the house, and lie on the roof, exactly parallel 
to it. Ans. 47.8-ffeet. 

77. If a cubic foot of iron were drawn into a bar a quar- 
ter of an inch square, what would be its length, provided 
there were no waste of metal ? Ans. 768 yards. 

78. A horse in the midst of a meadow suppose, 
Made fast to a stake by a line from his nose ; 
How long must this line be, that feeding all round, 
Permits him to graze just an. acre of ground? 

Ans.ll7ft.9in,+ 
79. On the 4th of July a pole was erected, 

Compos'd of six pieces, and nicely connected y 

Two feet and six inches it measured around. 

On the place where it stood at the top of the ground ; 

The form was a cone in surface complete, 

The height of the same was twice sixty feet : 

What length of inch riband, procured at the shop. 

Will wind round the pole from bottom to top, 
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And have it lie smooth and pla^in to be seen. 
By leaving a space of live inches between ? 

Ans. 100 yards'. 
It is evident that the riband will cover a sixth part of the 
surface of the pole ; and since the width of the riband id 
1 inch, a sixth part of the number of square inches in the 
said superficial content is the length of the riband in inehe^ 
80. Suppose a half bushel is exactly round — 
That the depth of the same eight inches is found ; 
If the breadth be thirteen and two-fifths inches, quite, 
The measure is legal, or very near right ; 
fiut, suppose I would make one of another frame, 
And have ten inches the depth of the same ; 
Now, pray of what length must the diameter be. 
That it may with the former in measure agree ? 

An». 11.7+ inches. 
81. I agreed with a tinker, whose name was Doolittle, 
To make for my wife a flat-bottomed kettle — 
Twelve inches exactly the depth of the same, 
And twenty-five gallons of beer to contain— 
The number of inches acro^ss on the top 
'Was twice on the bottom, when new at the shop ; 
How many inches across must the bottom then be, 
Likewise on the top, pray show unto me ? 
Solution, — 282x25=7050 cubic inches, the capacity of 
the. kettle; and, since the kettle is the frustum of a cone, 
7050-*-! 2=587.5 sq. inches=the mean tirea between the 
bases. Now, suppose the top diameter to be 30 inches ; 
then, by the question, the bottom diameter will be 15 inches, 
and (by the rule for measurii^ a frustum of a cone) the 
mean area of a section betweien me bases will be 412.335 sq. 
inches. But similar superficies are proportional to the 
squares of their like dijuensions ; therefore, as 412.335 sq. 
In. : 587-5 sq.. in. :: 30x30 : 1282.33, the square of the real 
top diameter. Then, VI 282.33=35.8+ inches, the top di- 
ameter, and 35.8-5-2=1 7.ft inches, the bottom diameter, 
Ans. 

82. A globe — a cvbe— a hemisphere^ . 
All three, in Sttr/iace,. equal arc, 
. Each surface being six a(]fuare feet— * 
'» i. Pray tell the cubic feet in each I 

Ans^.J^he cttbc.coii tains 1 cubic foot, the globe 1.38+ 
cub. f^and the hemispherf 1.06+cub. ftstzedbyV^oogle 
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Note, — A. hemisphere is half of a sphere. The area of 
the whole surface of a hemisphere is equal to three-fourths 
of the superficial content of a globe of the same dian^eter. 
83. A tract of land is to be laid out in form of a square, 
and to be enclosed with a post and rail fence, 5 rails high ; 
so that each rod offence shall contain 10 rails. How large 
must this square be, to contain just as many acres as th^re 
^are rails in the fence that encloses it ? 

This question, or any other of a similar nature) maybe 
solved thus : Suppose any number of rails you please ; then, 
as the area that, a fence consisting of the said number of 
rails will enclose : is to the area which it ought, by the 
question, to enclose :: so is the supposed number of rails in 
the fence : to the true number required. Suppose that 40 
rails will fence the square ; then, its perimeter is 4 rods, 
it« side is 1 rod, and its area 1 square rod. But, by the 
question, the area ought to be as many acres as there are 
rails in the fence, viz. 40 acres, or 6400 sq. rods ; therefore^ 
as 1 sq. rd. : 6400 sq. rd. :: 40 rails : 256000, the number 
of rails in the fence, or the number of acrea in the square. 
Hence, the perimeter of the square is 25600 rods oV 80 
miles, and each side is 20 miles,.jln^, 

' 84. A landed man two daughters had, 
And both were very fair; 
To each he gave a piece of land, 

One round, the other square. 
At forty dollai^ the acre, just, 

Each piece its value had ; 
The dollars which encompassed each. 

For each exactly paid. 
If 'cross a dollar be an inch. 
And just a half inch more, 
Which did the better portion have, 
That had the round, or square ? 
• Ans. The one who had the square had the better portion, 
by $239310 A^. 

Note, — In solving the last question, I have supposed Ih^ 
diameter of a circle to be to the circumference as 113 to 355, 
85. A well was dug, once, very deep, — 
Its form a cylinder — 
Its depth was just one hundrecyij^^^^ 
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By ten diameter. 
A wall was built within the well, 

To line its sides around, 
Its height, in feet, I need not tell, 

It measur'd with the ground. 
The thickness of this wall increased 

From bottom to its top, 
Three feet at first, and four at last. 

And slanted truly up. 
I now propose to have you tell, 

How many cubic feet 
Of stone were put within the well. 

To make the wall complete. 

Ans. 7121 cub. feet, nearly « 

86. I placed a bowl into the storm, 

To catch the drops of rain — 
A h^lf a globe was just its form, 

Two feet across tho same : ♦ 

The storm was o'^er, the tempest past, 

I to, the bowl repaired — 
Six inches deep the water stood, 

It being measur'd fair. 
Suppose a cylinder, whose base 

Two feet across within. 
Had stood exact%^ iA that place. 

What would the depth have been ? 

Ans. 2J^ inches. 

87. A cooper made for me a cask. 

Just forty inches long ; 
Across each head two feet its width. 

But three feet at the bung. 
The cooper then did nicely make 

A second cask for me. 
Just like the other cask in shape, 

But larger every way. 
This second cask, when fill'd, did hold ^ 

A third more than theiirst — 
The dimensions of the first I've told ; 

Required those of the last. 
Ans. Length 44+ inches; bung diametei* 39.6+ inches, 
and helid diameter 26.4+ inches. 
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8S. I drop'd a ball from Jackson's bridge, 
Its height above the stream to tell — 
A pendulum one foot in length, ' 

Made six vibrations while it fell. 
Can you in numbers fairly show 

How high this lofty bridge must be 
Above the stream that glides below, 
The feet and inches show to me ? 

Ans. 176ft. 3in.,+ 

89. How far from the end of a stick of timber, 30 feel 
long, must a lever be placed, so that two men may each 
carry just as much at the lever as a third man at the end bf 
the stick ? Ans. 5 feet. 

s Divide the length of the stick by the number of men, 
- and half of the quotient will be the length required. 

90. Suppos^ two men carry a burden of 2001b. weight 
between them, nung on a pole, the ends of which rest on 
their shoulders; how much of this load, will he borne by 
oach man, if the whole length of the pok be 4 feet, and the 
weight hang six inches from the middle ? Ans. The man 
nearest the weight will carry 125 lb., and the other 751b. 

91. Five men own a grindstone of 50 inches diameter; 
I^emandhow much of its diameter each man must g4ind 
off to have equal shades, if one first grind his share, and 
then the next, and so on, until the stone is ground away, 
making no allowance for the eye? Ans. The first must 
grind off, or diminish the diameter, 5.2786+ inches, the. 
second 5.9915+ inches, the third 7.1071 — inches, the 
fourth 9.2621--inches, and the fifth 22.3607— inches. 

Note'i — The last question may be solved as follows i' 
Square the diameter of the stone; then, the square root of ^^ 
of this square is the aiameter of the stone after the first 
man has groimd off* his share, and the square root of f of 
the said square is the diameter after the second man has 
ground off' his part, <fec. Then by subtracting the several 
diameters from each other^ you will find the several parts 
which the men grind off*. 

Ff2 
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Tablb l.-Shwing th$ amount o/$l,a/ Compound Interest. 

Y rt. I 8|;H?rcent. |4f)efcyni | 6 percent, j 6 per cent. | 7 T»*^r cent. 



1 


1.030000 


1.040000 


1.050000 


1.060000 


1.070000 


2 


1.060900 


1.081600 


1.102500 


1.123600 


1.144900 


3 


1.092727 


1.124864 


1.157625 


1.191016 


1.226043 


4 


1.125509 


1.169859 


1.215506 


1.262477 


1.&10796 


6 


1.159274 


1.216653 


1.276282 


1.338226 


1.402552 


6 


1.194052 


1.265319 


1.340096 


1.418519 


1.500730 


7 


1.229874 


1.315932 


1.407100 


1.508630 


1.605781 


8 


1.266770 


1.368569 


1.477455 


1.593848 


1.718186 


9 


1.304773 


1,423312 


1.551328 


1.689479 


1.838459 


10 


1.343916 


1.480244 


1.628895 


1.790848 


1.967151 


11 


1.384234 


1.539454 


1.710339 


1.898299 


2.104852 


12 


1.425761 


1.601032 


1.795856 


2.012196 


2.252192 


13 


1.468534 


1.665074 


1.885649 


2.132928 


2.409845 


14 


1.512590 


1.731676 


1.979932 


2.260904 


2.578534 


15 


1.557967 


1.800944 


2.078928 


2.396558 


2.750032 


16 


1.604706 


1.872981 


2.182875 


2.540352 


2.952164 


17 


1.662848 


1.947900 


2.292018 


2.692773 


3.158815 


18 


1.702433 


2.025817 


2.406619 


2.854339 


3.379932 


19 


1.753506 


2.106849 


2.526950 


3.025600 


3.616528 


20 


1.806111 


2.191123 


2.653298 


3.207135 


3.869684 


21 


1.860295 


2.278768 


2.785963 


3.399564 


4.140562 


22 


1.916103 


2.369919 


2.925261 


3.603637 


4.430402 


23 


1.973587 


2.464716 


3.071524 


3.819750 


4.740530 


24 


2.032794 


2.563304 


3.225100 


4.048935 


5.072367 


25 


2.093778 


2.665836 


3.3863^5 


4.291871 


5.427433 


26 


2.156592 


2.772470 


3.555673 


4.549383 


5.807353 


27 


2.221289 


2.883369 


3.733456 


4.82^46 


6.213868 


28 


2.287928 


2.998703 


3.920129 


5.111687 


6.648838 


29 


2.356566 


3.118651 


4.116136 


5.418388 


7.114257 


30 


2.427262 


3.243398 


4.321942 


5.743491 


7:612255 


31 


2.500080 


3.373133 


4.538039 


6.088101 


8.145113. 


32 


2.575083 


3.508059 


4.764941 


6.453386 


8.715271 


33 


2.652335 


3.648381 


5.003189 


6.840590 


9.325340 


34 


2.731905 


3.794316 


5.253348 


7.251025 


9.978114 


35 


2.813862 


3.946089 


5.516015 


7.686087 


10.676581 


36 


2.898278 


,4.103933 


5.791816 


•8.147252 


11.423942 


37 


2.985227 


4.268090 


6.081407 


8.636087 


12.223618 


38 


3.074783 


4.438813 


6.385477 


9.154252 


13.079271 


39 


3.U97027 


4.616366 


6.704751 


9.703507 


13.994820 


40 


3.2620g8 


4.801O21 


7.099989 


10.28571^ 


14.97445i 
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Tablk II. — Showing the amount of an Annuity of $1. 


Yrs. 


3 per cent. 


4 per cent. 


5 per cent. * 


6 per cent. 


1 , 


1.000000 


1.000000 


1.000000 


1.000000 


2 


2.030000 


2.040000 


2.050000 


2.060000 


3 


3.090900 


3.121600 


3.152500 


3.183600 


1 4 


4.183627 


4.246464 


4.310125 


4.374616 


1 5 


5.309135 


6.416322 


5.626631 


5.637092 


6 


6.468409 


6.632975 


6.801912 


6.975318 


7 


7.662462 


7.898294 


8.14;i008 


8.393837 


8 


a892336 


9.214226 


9.649108 


9.897467 


9 


la 159106 


10.582795 


11.026564 


11.491315 


10 


11.463879 


12.006107 


12.577892 


13.180794 


11 


12.807796 


13.486351 


14.206787 


14.971642 


12 


14.192029 


15.025805 


15.917126 


16.869941 


13 


15.617790 


16.626837 


17.712982 


18.882137 


14 


17.086324 


18.291911 


19.598631 


21.016065 


15 


18.598913 


20.023587 


21.578563 


23.278969 


16 


20.156881 


21.824531 


23.657491 


26.672528 


17 


21.761587 


23.697512 


26.840366 


28.212879 


18 


23.414435 


25.645412 


28.132384 


30.905662 


19 


25.116868 


27.671229 


30.539003 


33.759991 


20 


26.870374 


29.778078 


33.065954 


36.785591 


21 


28.676485 


31.969201 


36.719251 


39.99(2726 


22 


30.536780 


34.247969 


38.505214 


43.392290 


23 


32.452883 


36.617888 


41,430476 


46.996827 


. 24 


34.426470 


39.082604 


44.501998 


50.815577 


* 25 


36.459264 


41.645908 


47.727098 


64.864512 


26 


38.553042 


44.311744 


51.113453 


59.166382 


27 


40.709633 


47.084214 


54.669126 


63.705765 


[. 28 


42.930922 


49.967582 


58.402582 


68.528111 


f : 29 


45.218850 


52.966286 


62.322711 


73.639798 


30 


47.575415 


56.084937 


66.438847 


79.068186 


31 


60.002678 


59.328335 


70.760789 


84.801677 


32 


52.502768 


62.701468 


75.298829 


90.889778 


33 


55.077841 


66.209527 


80.063770 


97.343164 


34 


57.730176 


69.857908 


85.066959 


104.183754 


35 


60.462081 


73.652224 


90.320307 


111.434779 


36 


63.275944 


77.698313 


95.836322 


119.120866 


37 \ 


66.174222 


81.702246 


101.628138 


127.268118 


38 


60.159449 


85.970336 


107.709545 


136.904205 


39 


72.234232 


90.409J49 


114.095023 


146.058468 


40 


76.4012M 


9K.02S&19 


190.799174 


154.761965 
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Tablb llhShowing the present value of an Annuity cf$t . 



Yrs, 


3 per cent. 


4 per cent. 


5 per cent. 


6 per cent. 


1 


.970874 


.961538 


,952381 


.943396 


2 


1.913470 


1.886094 


1.859410 


.1.833392 


3 


2.828612 


2.775090 


2.723248 


2.673011 


4 


3.717099 


3.629894 


3.545950 


3.465105 


5 


4.579708 


4.451821 


4.329476 


4.212.363 


6 


5.417192 


5.242136 


5.075691 


4.917324 


7 


6.230284 


6.002054 


5.780372 


5.582381 


8 


7.019693 


6732744 


6.463211 


6.209793 


9 


7.786110 


7.435331 


7.107820 


6.801691 


10 


8.630204 


ail0895 


7.721733 


7.3(50086 


11 


9.252625 


8.760476 


8.306412 


7.886874 


12 


9.954005 


9.385073 


8.86.3249 


8.3838« 


13 


10.634956 


9.985647 


9.393570 


8.852682 


14 


11.296074 


10.563122 


9.898638 


9.294983 


15 


11.937936 


11.118387 


10.379655 


9.712248 


16 


12.561103 


11.652295 


10.837767 


10.105894 


17 


13.166119 


12165668 


11.274064 


10.477258 


18 


13.753514 


12.659296 


11.689585 


10.827602 


19 


14.323800 


13.133938 


12.085319 


11.158115 


SO 


14.877476 


13.590325 


12.462208 


11.469920 


21 


15.415025 


14.029159 


12.821150 


11.764075 


22 


15.936918 


14.451114 


13.163000 


12.041580 


23 


16.443610 


14.856840 


13.488571 


12.303377 


U 


16.935544 


15.246961 


13.798639 


12.550356 


25 


17.413150 


15.622078 


14.093942 


12.783355 


26 


17.876845 


15.982767 


14.375183 


13.003165 


5J7 


18.327034 


16.329584 


14.643031 


13.210533 


2S 


18.764111 


16.663061 


14.898125 


13.406163 


29 


19.188457 


16.983712 


15.141071 


13.590720 


30 


19.600444 


17.292031 


15.372448 


13.764830 


31 


20.000431 


17.588491 


15.592807 


13.929085 


32 


20.388768 


17.873549 


15.802673 


14.084042 


33 


20.765794 


18.147643 


16.002546 


14.230228 


34 


21.131839 


18.411195 


16.192901 


14.368140 


35 


21.487222 


18.664610 


16.374191 


14.498245 


36 


21.832264 


18.908279 


16.546848 


14.620986 


37 


22.167237 


19.142576 


16.711284 


14.736779 


38 


22.492463 


19.367861 


16.867889 


14.846018 


39 


22.808217 


19.584482 


17.017037 


14.949074 


10 


23.114774 


19.792771 


17.169083 


15.046296 
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Table l\.— Powers of the numbers 2, 3, 4, 5, 6, 7, 8, 9, 


Ind 


ices. Powers of 2.- ' Powers of 3. Indices. 


1 
4 


2 

16 


3 

81 


1 
4 


7 


128 


2187 


7 


10 


.1024 


59049 


10 


13 


8192 


1594323 


13 


16 


65536 


43046721 . 


16 


19 


524288 


1162261467 


19 


22 


4194304 


• 31^81059609 


22 


25 


33554432 


847288609443 


26 


28 


268435456 


22876792454961 


28 


31 

O ,4 


2147483648 


. 617673396283947 


31 


34 


17179869184 


1667718169066^69 


34 


37 
40 


137438953472 


450283905890997363 


37 


1099511627776 


12157665459056928801 


40 


Indi 


ces. Powers of 4. Powers of 5. Indices. 


f 1 
4 


4 
256 


5 
625 


1 
4 


7 


16384 


78125 


7 


N^^ 


1048576 


9765625 


10 


13 


67108864 


1220703126 


13 


16 


4294967296 


152587890626 


16 


19 


274877906944 


19073486328125 


19 


22 


17592186044416 


23a4185791015625 


22 




298023223876953125 


25 




37252902984619140625 


28 




4656612873077392578125 


31 


. 


582076609134674072265625 


34 




72759576141 834259033203125 


37 




9094947pl7729282379150390p^ 


40 


Indi 


ces. Powers of 4. 




25 


1125899906842624 




28 


72057594037927936 




31 


4611686018427387904 




34 


295147905179352825856 




37 


18889465931478580854784 




40 


120892581961462 


9174706176 
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Tablb IV* $$ntiaued. 



IndUe*. Powers of 6, 

1 'S 


Power* of 7. In 
7 
2401 


dices. 
] 


1 
4 


1296 


m. 

4 


7 


279936 


823543 


7 


10 


60466176 


282475249 


la 


' 13 


13060694016 


96889010407 


13 


16 


2821169907456 


33232930569601 


16 


19 


609359740010496 


11398895185373143 


19 




•3909821048582988049 


22 




134106861 9663964900807 


25 




469986536544739^60976801 


28 




157775382034845806615042743 


31 




54116956037952111668959660849 


34 




18562116921017574302453163671207 


37 




636€gtt5760909.027;985741436139224,001 


40 


Ind 


icei. Powers of 6. 




22 


131621703842267136 




26 


28430288029929701376 




28 


6140942214464815497216 




31 


1326443518324400147398656 




34 


28651 1799958070431838109696 




37 


01886548790943213277031694336 




40 


13367494538843734067838845976576 




Ind 


Powers of 8. Powers of 9. 


Ind. 


1 


8 


9 


1 


, 4 


, 4096 


6561 


4 


7 


2097152 


4782969 


7 


10 


1073741824 


3486784401 


10 


13 


649755813888 


2541865828329 


13 


16 


281474976710656 


1863020188851841 


16 




1350851717672992089 


19 




98477090218361 1232881 


22 




717897987691852588770249 


25 




52334763302736053721351 1521 


28 




38152b424476945831628649898809 


31 




27812838944369351 1257285776231761 


34 




202755595904462569706561330872953769 


37 




147808829414345^23316083210206383207601 


40 
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TABLES. 

Taislk IV. continued. 
Indices. Powers of 8. . 



19 
22 
25 
28 
31 
34 
37 
40 



14411M88075855872 

7378697^294838206464 

377789318629^161709568 

193428131 13834066795298816 

0903520314283042199192993792 

507060240P912917605986812821504 

^ 2506148429267413814265248164610048 

I32922rr995784915872903807060280344576 



Note. — The foregoing table contains only one-third of 
the powers below the 40th; the rest being omitted to save 
room. When any power below the 40th, which is not iri 
the table, is wanted, it may readily be found, either by mul- 
tiplying the next lower power, or dividing the next higher 
power by the root or first power. Thus, the 17th power 
of 2 may be found by multiplying the 16th power by 2; 
and the 18th power may be obtained by dividing the 19th 
power by 2, &c. — In this table, each power of 4 is the 
square of the corresponding power of 2; and all the pow- 
ers of 9 are the squares of the corresponding powers of 3. 
Also, each power of 8 is the cube of the like power of 2, 
and the product of the corresponding powers of 2 an4 4. 
Therefore, the 1st, 4th, 7th, 10th, &.c. powers of 4, are the 
2d, 8th, 14th, 20th, &c. powers of 2; the 1st, 4th, 7th, &>c. 
powers of 8, are the 3d, 12th, 21st, &c. powers of 2, and 
the 1st, 4th, 7th, ^c. powers of 9, are the 2d, 8th^ 14th, &-c. 
powers of 3; and consequently the tables contains powers 
of 2 as high as the 120th, and powers of 3 up to the 80th. 
Lastly, since the multiplication of powers answers to the 
addition of their indices, and the division of powers, to the 
subtraction of their indices, it is evident that the foregoing 
table contains a great number of products, quotients, pow- 
ers and roots of numbers ; and hence, teachers may take 
from this table, for their pupils, as many questions in Mul- 
tiplication, Division, Involution and Evolution, as they 
please. The table will also be very ueeful in solving ques- ^ 
tions in Greometrical Progression^ 
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Tabls V 


'. — For measuring 


Wood. 




1ft. 


2ft. 


3ft. 


4ft. Width! 


5 ft. 


6 ft. 1 


7ft. 8ft. - 


Cd. 


Cd. 


Cd. 


Cd. 


Ft. in. 


Cd. 


Cd. 1 


Cd. 


Cd. 


.0010 


.0020 


.octeo 


.0039 


1..6 


.0049.0059 


.0068 


.0078 


10 


21 


31 


41 


7 


62 


62 


' 72 


83 


11 


22 


33 


43 


8 


64 


65 


76 


87 


11 


23 


34 


46 


9 


57 


68 


80 


91 


12 


24 


36 


48 


10 


60 


72 


84 


95 


12 


25 


37 


50 


11 


62 


75 


87 


100 


13 


26 


39 


52 


2..0 


66 


78 


91 


104 


14 


27 


41 


54 


• 1 


68 


81 


95 


109 


14 


28 


42 


56 


2 


71 


85 


99 


113 


16 


29 


44 


59 


3 


73 


88 


103 


117 


15 


30 


46 


61 


4 


76 


91 


106 


122 


16 


31 


47 


63 


5 


79 


94 


110 


126 


16 


33 


49 


65 


6 


81 


98 


114 


130 


17 


34 


50 


67 


7 


84 


101 


118 


135 


17 


35 


52 


69 


8 


87, 


104 


122 


139 


18 


36 


64 


72 


9 


90 


107 


125 


143 


18 


37 


55 


74 


10 


92 


111 


129 


148 


1« 


38 


67 


76 


11 


95 


114 


133 


162 


80 


39 


59 


78 


3..0 


98 


117 


137 


156 


20 


40 


60 


80 


1 


100 


120 


141 


161 


21 


41 


62 


82 


2 


103 


124 


144 


165 


21 


42 


63 


85 


3 


106 


127 


148 


169 


22 


43 


65 


87 


4 


109 


130 


152 


174 


22 


44 


67 


89 


5 


111 


133 


156 


178 


23 


46 


68 


91 


6 


414 


137 


160 


182 


33 


47 


70 


93 


7 


117 


140 


163 


187 


24 


48 


72 


95 


8 


119 


143 


167 


191 


24 


49 


73 


98 


9 


122 


146 


171 


195 


26 


50 


75 


100 


10 


126 


160 


175 


200 


25 


51 


76 


102 


11 


127 


153 


178 


204 


26 


62 


78 


104 


4..0 


130 


156 


182 


208 


27 


53 


80 


lOf 


1 


133 


160 


186 


213 


27 


54 


81 


109 


2- 


136 


163 


190 


217 


28 


55 


m 


111 


3 


138 


166 


194 


221 


28 


56 


86 


113 


4 


141 


169 


197 


226 


.0029 


.0058 


.0086 


.0116 


5 


.0144 


.0173 


.0201 


.0230 
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Table V. continued* 



91t. 


10ft. 


lift. 


12 ft. 


Width.' 


13ft. 


14 ft. 


I5fl.|l6ft. 


Cd. 


Cd. 


Cd. 


Cd. 


Ft. in. 


Cd. 


Cd. 


Cd. 


Cd. 


.0088 


.0098 


.0107 


.0117 


1..6 


.om 


.0137 


.0146 


.0156 


93 


103 


113 


124 


7 


134 


144 


165 


165 


98 


109 


119 


130 


8 


141 


152 


163 


174 


103 


114 


126 


137 


9 


148 


160 


171 


182 


107 


119 


131 


143 


10 


155 


167 


179 


191 


112 


126 


137 


150 


11 


162 


176 


187 


200 


117 


130 


143 


156 


2.0 


169 


' 182 


195 


208 


122 


136 


149 


163 


1 


176 


190 


203 


217 


127 


141 


165 


169 


2 


183 


197 


212 


226 


132 


146 


161 


176 


3 


190 


206 


220 


231 


137 


162 


167 


182 


4 


197 


213 


228 


243 


142 


167 


173 


189 


5 


205 


220 


236 


262 


146 


163 


179 


196 





212 


228 


244 


260 


151 


168 


186 


202 


7 


219 


235 


252 


269 


156 


174 


191 


208 


8 


226 


243 


260 


278 


101 


179 


197 


216 


9 


233 


261 


269 


286 


166 


184 


203 


221 


10 


240 


258 


277 


295 


171 


190 


209 


228 


11 


247 


266 


286 


304 


176 


196 


215 


234 


3..0 


264 


273 


293 


313 


181 


201 


221 


241 


1 


261 


281 


301 


321 


186 


206 


227 


247 


2 


268 


289 


309 


330 


190 


212 


233 


254 


3 


276 


296 


317 


339 


196 


an 


239 


260 


4 


282 


304 


326 


347 


200 


222 


245 


261; 


6 


289 


311 


334 


356 


205 


228 


251 


273 


6 


296 


319 


342 


365 


210 


233 


267 


280 


7 


303 


327 


360 


373 


215 


239 


263 


286 


8 


310 


334 


358 


382 


220 


244 


269 


293 


9 


317 


342 


366 


391 


225 


260 


275 


299 


10 


324 


349 


374 


399 


229 


255 


280 


306 


11 


331 


357 


382 


408 


234 


.260 


286 


313 


4..0 


339 


366 


391 


417 


239 


266 


292 


319 


1 


346 


372 


399 


425 


244 


271 


298 


326 


2 


353 


380 


407 


434 


»49 


277 


304 


332 


3 


360 


387 


-416 


443 


264 


282 


310 


339 


4, 


367 


395 


423 


451 


.0259 


.0288 


.0316 


.0345 


6 


.0374 


.0403 


.0431 


.0460 
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386 TABLES. ' 

To findf by the kelp of the foregoing tahle^ the solid con- 
tent of any pile or load of wood, the dimensions of which 
are known, 

RULE. 

1. When the length of the pile or load is an exact num- 
ber of feet; find the length at the top of the table, and the 
width in the middle column; and in a line with the width 
and under the length you will find the content of a section 
of the pile one inch high or thick. Multiply the tabular 
content, thus found, by the height of the pile, in inches ; 
point off four decimal places at the right hand of the pro- 
duct, and you will have the content required, in cords and 
decimal parts. 

2. When the leligth of the pile consists of feet and inch- 
es; then, to the tabular content answering to the feet in 
length, add a twelfth part of the tabular content answering 
to as many feet in length as there are inches besides the 
number of entire feet ; and the sum will be the content of 
a section of the pile an inch thick ; which multiply by the 
height of the pile, in inches, and the product will be the 
content required. 

Note 1. — The ciphers, which, according to decimal rules, 
ought to be prefixed to the decimal numbers in the table, 
in order to make each fraction contain four places of fig- 
ures, are omitted, except in the top and bottom numbers in 
each column. It will not be necessary, in using these de- 
cimal numbers, to prefix the ciphers and decimal points, 
but care must always be taken to point off the proper num- 
ber of decimal plkces in the answer. 

Note 2. — When the length of the pile exceeds the limits 
of the table, then take i, or i, d^c. of the length, and find 
the content of that part of the pile ; which content multi- 
ply by 2 wheni- the length is used, or by 3 when i of the. 
length is used, d&c., and the product will be the content of 
the whole pile. In a similar manner the content of a pile 
may be found, when the width exceeds the limits of the 
table ; viz. by first finding the content of J, or f, &c. of the 
width, and then multiplying the content thus found by 2, 
or 3, &c. 
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TABLSi. 3S7 

EXAMPLES. 

1. Required the content of a pile of wood 12 feet long, 
3 feet 6,inches wide, and 5 feet high ; and also the value 
of ihe wood, at $3 a cord. 

.0273 Cd. Tabular content. 

60 inchef=5ft. The height of the pile. 



1.6380 Cd. Content of the pile. * ^ Ana 

Then, 1.638x3=$4.914, Value of the wood. $ ^°^* 

2. Bought a load of wood, 8 feet 9 inches long, 2 feet 10 
inches wide, and 2 feet 6 inches high, at the rate of 16 
shillings, New-England currency, per cord : How much is 
the amount in federal money ? 

Here, the tabular content answering to the given width 
and 8 feet in length is .0148Cd.; and that answering to the 
said width and 9 feet (9 being the number of odd inches) in 
length, is .0166; one-twelfth of which is .01 66^-1 2=.0013+. 
Then, .0148+.00l3=.0161Cd. the content of a section of 
the load an inch thick ; which being multiplied by 30, the 
height in inches, gives .4830Cd., the content of the whole 
load. Then, to find the value of the wood ; .483x16= 
7.728 shillings, and 7. 728-4-6=$ 1.288, Ans. 

3. Bought a pile of wood 22 feet long, 4 feet wide, and 
4 feet 6 inches high, at 16s. 8d. per cord : what did it cost ? 

Here, because the length of /the pile exceeds the limits 
of the table, I take i of the length, which is 1 1 feet ; and I 
find, by calculation, that the content of a pile 11 feet Igng, 
4 feet wide, and 4 feet 6 inches high, is 1.5444Cd.; which 
being multiplied by 2, gives 3.0888Cd., the content of the 
whole pile. Then, since 16s.. 8d.=200 pence, we have 
3.0888x200=617.7600 pence=2Z. lis. 5}d.+, the Ans. 



Table VI. Of the Specific Gravities of several solid and 
fluid bodies; the second column of which shows the weight. 
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in Avoirdupois ounces, of a onbio foot of seek subi^tflflce^ 



t^latina, (pure,) 
Pine Gold, - 
Standard Gold, 
Mercury, - - 
Lead, - - - 
Fine silver, - 
Standard silver, 
Copper, - - 
Fine brass, - 
Steel, - - - 
Iron, . - - - 
Pewter, - - - 
Cast iron, - - 
White lead, - - 
Marble and hard 
Green glass, - 
Clear glass, - - 
Flint stone, - - 
Common stone. 
Brick, - - - 
Common earth, • 
Dry ivory, - - 
Sulphur, 



oz. 

- - 23000 
■ . 19400 

- - 18888 
. - 14000 

- . 11325 

- - 11091 
- 10535 

- 9000 
. - 8350 

7850 

- 7645 

- 7471 

- 7425 

- 3160 
stone, 2700 

- 2620 

- 2600 

- 2570 

- - 2520 

- 2000 
• - 1984 

- 1825 

- 1810 



oz. 

Chalk, . . - r 1793 

Alum, - . - - ,1714 

Lignum vits, - - 1327 

Coal, - * - - * 1250 

Mahogany? ^ - - 1063 

Cows' milk, - - 1034 

Box wood, - - - 1080 

Sea water, - - - 1030 

Common water, - lOOO 

Red wine, - - - 993 

Proof spirits, - - 925 

Dry oak, - - - 925 

Ice, 908 

Living Men, - - - 89i 

Spirits of turpentine, 864 

Alcohol, 850 

Dry ash and maple, 800 

Ether, .... 732 

Dry elm and fir, - 600 

White pine, - - 56p 

Cork, - . - . ^40 

Common air, - - - l^ 

Inflammable air, - i 



The use of this table may be illustrated by a few exam- 
ples. 

Ex. 1. Required the solid, content of an irregular piece 
of marble, which weighs 1001b. 
As 27OO0Z. : 1001b. :: 1 cubic foot : 1024 cub. inches, Ans. 

2; What weight of sheet lead, 1^0^ of si foot thick, will 
roof a house, the area of the roof being 6000 square feet? 

6000x1+0=50 cubic feet,' the solid content of the lead. 
Then, as 1 cub. ft. : 50 cub. ft. :: ll325oz. (the weight of a 
cubic foot of lead,) : 566250 oz.=35390lb. lOoz. Ans. 

3. If the weight of a counterfeit coin, consisting of gold 
and silver, be 265 grains, and its specific gravity be 16000, 
what quantities of standard gold and silver does it contain? 

Ans. 173.3+ grains of gold, and 91.6+ grains of silver. 
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METHOD OF ASSESSING TAXES. 



A Tabl^ for finding the Dominical Letter, or Letter s^ 
for any year^ a$0ording to ^$ present 9tyle^ 
Centuries, 



Odd Years* 



I 
2 

y 

4 1 JO 
5111 



is\ IB 

H|27 3a 
I6\m 'AS 



4B 



m ad 

75 

71 



64 

<56 
67 72, 






SO 

77iK3 
7H, 



86 



SI7 



87^96 

m y5 



To find, by the foregoing table, the Dominical Letter for 
any given year ; seek first , at the top for the number of 
whole centuries, and then at the right hand for the odd years, 
and in a line with the odd years, under the centuries, you 
will find the Dominical Letter for that year. Thus, the 
Dominical Letter for the year 1830 is C, which stands un- 
der 18, the number of ce^turies, and in a line with 30, the 
odd years. — In every leap year there are two Dominical 
Letters ; the letter standing against the odd years being 
the Dominical Letter in the 3d, 4th, and following months ; 
and the letter standing against the blank immediately 
above the odd years, or below those of the preceding year, 
is the Dominical Letter in the 1st and 2d months. Thus, 
the Dominical Letters in the year 1820 were B and A; and 
in the year 1828, F and E. 



Method of assessing or apportioning Taxes. 

In assessing town taxes, an inventory of the property 
of the whole town, both real ai^ personal, and also of the 
whole number of polls, is first to be obtained : And, if any 
part of the tax is to be averaged on the polls, or otherwise, 
we must deduct what the polls, &c. amount to ; and then 
with the remainder, we may find the tat on $1, and by it 
make a table containing the tajces on 1,2, S, &e., to 9 dol- 
lars ; then on 10, 20, 30, &c., to 90 dollars; and then on 
100, 200, &c., to 900 dollars; and so on as far as may be 
necessary. Then, knolVing the inventory of an individual, 
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we may readily find the tax on his property by addition; 
as in the following 

EXAMPLE. 

A certain town, valued at $125700, raises a tax of $2000 ; 
there are 650 polls, which are taxed 75 cents each, and the 
remainder is to be assessed on the property : What is A's 
tax, whose real estate is valued at $2150.70, personal 
property at $784.25, and who pays for 2 pojls? 

650x.75=$487.50, amount of the poll taxes, and ,$2000— 
487.50=$1512.50, to he assessed on property. Then, as 
$125700 : $1512.50t:: $1 : $.0120326, tax on $1. 







TABLE. 




$ 


$ 


$ $ 


$ $ 


Tax on 1 is 


.012 


Tax on 10 is .120 


Tax on 100 is 1.203 


2 


.024 


20 .241 


200 2.407 


3 


.036 


30 .361 


300 3*610 


4 


.048 


40 .481 


400 4.813 


5 


.060 


50 .602 


500 6.016 


6 


.072 


60. .722 


600 7.220 


7 


.084 


70 .842 


700 8.423 


8 


.096 


80 .963 


800 9.626 


9 


.108 


90 1.083 


90O 10.829 



Tax on $1000=$12.033 ; on $2000=$24.Q65 



Now, to find A's tax, his real 
find, by the table, that 
The tax on, $2000 is $24^065 

on 100 1.203 

on 50 .602 

on 0.70 .008 



Tax on $2150.70is $25,878 
In like manner I find 
the tax on his personal 
property to be $9,437 

2 polls at $.75 each, $1 .500 



estate being $2150.70, I 

JVbfe— To find, by the 
foregoing table, the tax on 
any given number of cen til, 
remove the decimal point 
in the tax on that number 
of dollars two pllices to the 
left. Thus, the tax on 70 
cents is found to be $.008- 
42, or $.008 nearly. 



Ans. A's taxis $36,815 
What will B*s tax amount to, whose inventory or list is 
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$1500 real^ and $875 personal property, and who pay* 
for 3 polls? Ans. $30,887 

Method of calculating^ School Bills. 

Every teacher of a common school, ouj^ht to keep a daily 
account of the number of scholars sent to the school by 
each proprietor, and also an account of what each pays, or 
contributes towards defraying the expenses of the school, 
by boarding the teacher, or finding wood for fuel, &c. 
When the school is terminated, then to find how the ac- 
counts on the school bill stand, with respect to each pro- 
prietor, observe the following 

RULE. 

1. Find the number of days' schooling charged to each 
proprietor, and add all these numbers into one sum total. 

2. Find the total amount of all the expenses of the school. 
Then, the shortest method of finding each proprietor's 
share of the expenses is as follows : 

3. Divide the amount of the expenses by the total a- 
mount of the days, and the quotient will be the share for 
1 day. But, if the district draws any money from a public 
fund, which is to be applied towards defraying the expenses 
of the school, subtract it from the amount of the expenses ; 
then divide the remainder by the whole number of days, 
and the quotient will be the share for 1 day, as before. 
Then make a little table, by multiplying the share for 1 
day by 1, 2, 3, &.C., to 9. By the help of this table the 
share for any greater number of days may be readily found 
by addition. 

4. Calculate, by the table, each proprietor's share of the 
expenses, in proportion to the number of days' schooling 
charged to hini'; from which subtract the amount of his 
credit, if any, and the remainder will be what is due /row 
him; or, if his amount of credit exceeds his share of the 
expenses, then subti'acjU the latter from the former, and the 
remainder will be what is due ^o.him. 

Note. — If any children go to a school in a district to. 
which they do not belong, and their parents, or guardians, 
(on account of their being nonresidents,) are npt allowed 

Digitized by VjOOQ IC 



MKTHOB eF eALGVLATINO SCKOeL BILLS. 393 

* 

any shares of the publie school money ; or, ifany indigent 
persons in a district, are, by consent of the district, releas- 
ed from paying their shares of some part of the expenses 
of the school ; then, a separate bill must first be rof^de out 
for such persons, and the amount of what is due from them, 
together with what they have paid or contributed towards 
supporting the school, must be deducted from the whole 
amount of the expenses; and then the remainder must be 
apportioned among the other proprietors, as directed in the - 
foregoing rule. 

EXAMPLE., 

Suppose the summary of the accounts on a school bill 
to be as follows : 

The School District No. % in the Town of , State 

of Conn., ]>r. to S. M. Ibr teaehihg a school in said District 
5 months, at $14 per month, $70.00 

Expense of boarding Tettcher 21f weeks, at 
$1.50 per week, 32.50 

Wood used for fuel, 5 cords, at $3 per cord, 15.00 

Other expenses of the school, 2.25 



Amount of the expenses, $1 19.75 
Money received from, the school fund, deducted, 39.25 



A, $5.58 



Remainder, $80.50 
Proprietors. Dr. Days. - Cr. By Wood, &c. 

A, To schooling children, 145 

B, Do. 99 

C, Do. 346 

D, Do. 560 

E, Do. 608 

F, Do. 153 



C, 10.38 

D, 11.84 

E, 14.00 

F, 7.95 



Whole number of days, 1911 • Amount, $49.75 

This school bill is calculated as follows : — 
$80.50-1-1911 =$.042124+, the share for 1 day. I next 

make out the following table by multiplying $.042124 by 

1, 2, 3, &c., to 9. 
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MBTBOD or CALC0tATIJ(6 SCBOOL BtL£S. 



Days. 


$ 


1 . 


. - .042ia 


« - 


■ - .08426 


3 , 


. - .12637 


4 - ■ 


■ ■ .16850 


6 - • 


• - .21062 


6 - ■ 


• - .25274 


7 - ■ 


• - .29487 


8 - • 


- .33699 


9 - ■ 


• - .37912 



Note,' — RemoTing the decimal 
point in each of these tabular num- 
bers one pkce to . the right, wiU 
give the shares for 10» 20, 2ld^ .&c. 
days ; and removing the point two 
places to the right, gives, the shares 
for 100, 200, 300, &c. days. 

I find each proprietor's share of 
the expenses as follows : — 
The number of days' schooling charged to A is 145, and 
I find, by the table, that y , 

The share for 100 days is 94.212 

for 40 do. 1.685 In the same man- 

for 5 d#. .21 1 ner I find the shares 

— ^- of B, C, D, E and F; 

for 145 do. $6,108 

• A's Cr. deducted, 5.58 

: $ ^ ' 

Due from A, $0,528, or 0»53 nearly. 
B» 4.170, , 4.17 

C, 4.195, 4.20 

D, 11.749, 11.75 

E, 11.611, 11.61 



32.253, 32.26 
Due to F, 1.506, 1.51 



. 30.747, ,30.75 
Amount of Cr. added, 49.750, 49.75 



Proof, $80,497 $80.50 



The following questions ure froposed to Algebraists, 

If a solid globe of glass at. the ftirnace, whose diameter 

is 8 inches, be blown into^ollow globe until the shell be 

but one-tenth of an inch inthickness, what will then be its 

diameter, and how much wine will it hold? Ans. Diame- 
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ter of its cavity 29.1 111 84~mches— con tent 55 gallons, 3qt* 

If two wheels, one 4 feet in diameler, and the other 5 
feet, be connected together by an axletree one rod in 
length, and set a rolling oil a pLain until they describe 4wo 
concentric circles, what will be the diameter of each of 
these circles. Ans. 8 rods, and 10 rods. 

A ball, descending by the force of gravity from the top 
of a tower, was observed to fall half the way in the last ^ 
second of time : Required the whole time of descent, and 
the height of the tower. 

Ans. Time 3.4 H+seconds— height 186 feet, 6 in.+ 



ERRATA. 

Page 27, first line below the Subtraction Table, for "may 
read thus," read " may be read thus." 
** 27, line 3 from bottom, fw ** dovmwardsy^ read^* up- 

" 57, line 4 from bottom, for " comes," read " will 
come." • 

" 58, Supplement to Division, 1st article of the Rule, 
in part of the edition, after the word **'fractioni" 
insert " to the product add the numerator." 
' ** 161, at the beginning of the 2d line from the top, the 
* number "64" is wanting, in a few copies. •^ 

" 162, Ex. 3, first line above the Ans., for "lqt."^rt^d 
"2qt." " ;• 

" 162, line 2 from bottom, for "to," read "with." 

In a few copies the answers to question 7, page 
186, and question 1, page 194, are erraneous— 
the former answer should be " $2.3736,'^nd th^ 
latter "$76,406+" 

" 310, jE;ar.3,inthe^question,for"$100,"read*>$aeO^'^ 

" 316, lineSfrom top, for" Aea;«g-o»," read" Aexa^lfej** 
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Page 374, Quest. 8Dth, for «nwo.fifths," read "one-twdfth.^ 
" :J77, Ans. to quest. 90th, fpr "251b.," rea(m751b." 
" 387, Ex. 3d, for " 18s. 4d.'' read "16fi. 8d.'^ 

The two last errors are in but a few copies. 
•* 394, 3d line fr. hot. insert the article "a" after "into.' 
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